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Manned planetary and Earth orbital missions of the 1970's 
and 19801s will be long, on the order of one to three years. Dur- 
ing this interval, it is probable that the spacecrew will suffer 
some loss of proficiency, through disuse, in certain skills criti- 
cal to their safety o r  to the success of the mission. 
training procedures are therefore likely to be needed to moderate 
or prevent such skill degradation. 

Inflight 

Simulation of some space skills, and aircraft pilot regu- 
lations for analogous skills, indicate that a significant decay in 
proficiency may occur if complex skills are not used f o r  intervals 
cf' three to six iaonths CT m o r e .  V I ~  ~ , y p l c a i  i n i s s i u r i s ,  periods or" 
this duration elapse between the end of preflight training ana the 
performance of critical tasks like Earth entry and landing, the 
conduct of certain experiments, and planetary landing. 

n.- L - - ~ -  

Inflight training, if necessary to maintain skills in the 
performance of these tasks, will probably use the onboara computer 
system to simulate vehicles and their environments and responses, 
to drive displays, and to score results. Ideally, the displays and 
controls used for an actual mission activity would also be used in 
a simulation mode to train for that activity. If these facilities 
are unavailable by edict or by operational constraints, other 
facilities would need to be provided for training. 

In addition to their primary purpose, inflight training 
facilities could be used to modify existing skills or to help the - 

- cur in the course of the mission. The facilities could also b 

h 

I astronauts acquire new ones to handle contingencies that might a 
*I 

< n used to conduct behavioral research. A * 
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A b s t r a c t  ( C o n t d . )  

S k i l l s  f o r  t h e  tasks  l i k e l y  t o  r e q u i r e  t r a i n i n g  s h o u l d  
b e  d e f i n e d  i n  greater  d e t a i l .  To t e s t  t h e  h y p o t h e s i s  of s k i l l  
d e g r a d a t i o n ,  i t  i s  recommended t h a t  c e r t a i n  f o r m e r  Gemini a s t r o -  
n a u t s  b e  t e s t e d  i n  Gemini s i m u l a t o r s  t o  measure how t h e i r  p r i o r  
s k i l l s  have d e t e r i o r a t e d .  P r e p a r a t i o n s  s h o u l d  a l s o  be  made t o  
p e r f o r m  similar t e s t s  i n  A p o l l o .  O t h e r  t e s t s  s h o u l d  be conduc- 
t e d  t o  d e t e r m i n e  t h e  e f f e c t i v e n e s s  and p r o p e r  u t i l i z a t i o n  o f  
s i m u l a t o r s  i n  i n f l i g h t  t r a i n i n g .  S k i l l  d e g r a d a t i o n ,  p a r t i c u l a r -  
l y  f o r  E a r t h  e n t r y  tasks,  shou ld  be  c a r e f u l l y  m o n i t o r e d  th rough-  
o u t  t h e  AAP program. Tests  o f  i n f l i g h t  t r a i n i n g  f a c i l i t i e s  
s h o u l d  be  conduc ted  i n  AAP and l a t e r  E a r t h - o r b i t  m i s s i o n s .  Be- 
c a u s e  these  t e s t s  r e q u i r e  a l o n g  t i m e  and because  t h e i r  r e s u l t s  
c o u l d  have a s i g n i f i c a n t  e f f e c t  on s p a c e c r a f t  d e s i g n ,  t h e y  
s h o u l d  be  s t a r t ed  a t  once .  
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TECHNICAL MEMORANDUM 

1 . 0  I N T R O D U C T I O N  

Manned m i s s i o n s  d u r i n g  t h e  1 9 7 0 ' s  and 1980's w i l l  b e  
much l o n g e r  t h a n  p r e v i o u s  ones .  Miss ions  t o  Mars or Venus, f o r  
example ,  w i l l  t y p i c a l l y  r e q u i r e  a b o u t  two years .  E a r t h  o r b i t a l  
m i s s i o n s  may l a s t  from one t o  f i v e  years ,  or even  b e  open ended .  
T h i s  d u r a t i o n  i s  two orders of  magni tude  l o n g e r  t h a n  a n  Apol lo  
l u n a r  l a n d i n g  m i s s i o n  and  i s  a ma jo r  f a c t o r  i n  s y s t e m  d e s i g n .  

The l o n g  d u r a t i o n  o f  t h e s e  m i s s i o n s  ra i ses  t h e  l i k e l i -  
hood t h a t  t h e  spacecrew w i l l  e x p e r i e n c e  some d e c l i n e  i n  p r o f i -  
c i e n c y ,  t h rough  d i s u s e ,  i n  c e r t a i n  s k i l l s  t h a t  a re  c r i t i c a l  t o  
t h e i r  s u r v i v a l  or t o  t h e  s u c c e s s  o f  t h e  m i s s i o n .  I n t e r f e r e n c e  
a r i s i n g  from t h e  p r a c t i c e  of compet ing  s k i l l s  may a l s o  c a u s e  some 
l o s s  o f  p r o f i c i e n c y .  However, as was s u g g e s t e d  b y  Gruman and 
Schaenman i n  1 9 6 6 ,  i t  may b e  p o s s i b l e  t o  u s e  i n f l i g h t  t r a i n i n g  
p r o c e d u r e s  t o  s low down or even p r e v e n t  s k i l l  d e g r a d a t i o n .  

Th i s  r e p o r t  c o n s i d e r s  s e v e r a l  t y p e s  o f  l o w - d u r a t i o n  
manned m i s s i o n s :  ex tended  E a r t h  o r b i t ,  ex t ended  l u n a r  l a n d i n r ,  
Mars and Venus f l y b y ,  Mars l a n d i n q ,  and combina t ion  flyby and 

t e r m i n e d  f o r  each  m i s s i o n  t y p e .  A l t e r n a t i v e  methods of  p r o v i d -  
i n g  t h e  f a c i l i t i e s  t o  implement t h i s  t r a i n i n g  a re  t h e n  d e s c r i b e d .  

i a r id ing .  Tile tasks  tiiat may - ? - - - - ' - - -  I t.yull.t. inf:l$-,t 4-0: b L a L i i L ~ 5 '  - 2  2 ~ 3  de= 

A t  t h i s  t ime,  i t  i s  n o t  p o s s i b l e  t o  i d e n t i f y  a l l  t h e  
crew t a s k s  t h a t  w i l l  b e  performed on t h e s e  m i s s i o n s ,  n o r  t o  de-  
t e r m i n e  p r e c i s e l y  which s k i l l s  w i l l  b e  c r i t i c a l  o r  how one s k i l l  
may i n t e r f e r e  w i t h  a n o t h e r ,  Fu r the rmore ,  i t  i s  n o t  d e f i n i t e l y  known 
how p o s t u l a t e d  s k i l l s  w i l l  d eg rade  o v e r  l o n q  p e r i o d s  of  t i m e .  
However, t h e  a u t h o r  b e l i e v e s  t h a t  a s e r i o u s  problem e x i s t s  i n  t h i s  
area and bases t h i s  r e p o r t  on such  a n  a s s u m p t i o n .  S e v e r a l  e x p e r i -  
ments  a re  proposed  l a t e r  t o  h e l p  r e s o l v e  t h e s e  i s s u e s .  

2 . 0  SKILLS THAT MAY REQUIRE INFLIGHT M A I N T E N A N C E  

2 . 1  Cr i t e r i a  f o r  S e l e c t i o n  

The crew t a s k s  i n v o l v i n g  s k i l l s  which are most l i k e l y  
t o  r e q u i r e  i n f l i g h t  main tenance  can  b e  s e l e c t e d  on t h e  bas i s  o f  
f o u r  g e n e r a l  c r i t e r i a :  
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1. t h e y  are  c r i t i c a l  t o  t h e  s a f e t y  o f  t h e  crew or t o  t h e  
s u c c e s s  o f  t he  m i s s i o n ,  

2 .  t h e y  are per formed u n d e r  t i g h t  t i m e  c o n s t r a i n t s ,  

3.  t h e y  are per formed a t  i n t e r v a l s  a t  l eas t  s e v e r a l  
months i n  l e n g t h ,  and 

4 .  t h e y  are n o t  t r i v i a l .  

The f i rs t  c r i t e r i o n  s e l e c t s  t h o s e  t a sks  t h a t ,  i f  p o o r l y  
pe r fo rmed ,  c o u l d  r e s u l t  i n  l o s s  o f  l i f e ,  damage t o  t h e  s p a c e c r a f t ,  
or e x c e s s i v e  e x p e n d i t u r e  o f  s c a r c e  r e s o u r c e s  l i k e  p r o p e l l a n t  or 
unmanned p r o b e s .  The second c r i t e r i o n  e l i m i n a t e s  tasks t h a t  can  
be checked  o u t  c a r e f u l l y  b e f o r e  and a f t e r  e a c h  i n t e r m e d i a t e  s t e p .  
The t h i r d  c r i t e r i o n  e l i m i n a t e s  tasks t h a t  a re  r e p e a t e d  f r e q u e n t l y  
enough t o  m a i n t a i n  p r o f i c i e n c y .  The f o u r t h  c r i t e r i o n  e l i m i n a t e s  
tasks  l i k e  a s i n g l e  push  o f  a b u t t o n  or f l i c k  o f  a s w i t c h  i f ,  
a l t h o u g h  c r i t i c a l  t o  t h e  m i s s i o n ,  t h e y  are  n o t  imbedded i n  a more 
complex task  s u c h  as s e l e c t i n g  t h e  r i g h t  s w i t c h  f rom many p o s s i -  
b l e  ones  f o r  e a c h  o f  a sequence o f  s w i t c h i n g  f u n c t i o n s .  

2 . 1 . 1  S k i l l  D e g r a d a t i o n  w i t h  Time 

The t h i r d  c r i t e r i o n  i s  c r u c i a l  t o  t h e  s t u d i e s  cove red  
i n  t h i s  r e p o r t  and w a r r a n t s  f u r t h e r  d i s c u s s i o n .  

P r i o r  t o  a m i s s i o n ,  t h e  crew r e c e i v e s  i n t e n s i v e  t r a i n -  
i n g  f o r  a l l  p h a s e s  o f  t h e  m i s s i o n  and f o r  v a r i o u s  c o n t i n g e n c i e s .  
When t h e  d u r a t i o n  o f  t h e  m i s s i o n  i s  two weeks o r  l e s s ,  s k i l l s  
a c q u i r e d  d u r i n g  t r a i n i n g  can  a p p a r e n t l y  b e  r e t a i n e d  w i t h o u t  
s i g n i f i c a n t  d e g r a d a t i o n ;  a t  i ea s i  no such  d e g r a d a t i o n  was n o t e d  
on t h e  l o n g e s t  m i s s i o n  t o  da te ,  Gemini V I I ,  which l a s t ed  1 4  
d a y s .  ( 2 )  
i n  d u r a t i o n ,  and no r equ i r emen t  f o r  i n f l i g h t  crew t r a i n i n g  has 
been  d e f i n e d .  S i m u l a t i o n  s t u d i e s  per formed by  Grodsky and h i s  
a s s o c i a t e s  a t  M a r t i n  have indeed  demons t r a t ed  t h a t  no s i g n i f i -  
c a n t  decay  i n  crew per formance  need  b e  e x p e c t e d  on t h e s e  m i s -  

Apol lo  l u n a r  l a n d i n g  m i s s i o n s  w i l l  be somewhat s h o r t e r  

s i o n s .  ( 3 )  

With t h e  Apol lo  A p p l i c a t i o n s  Program ( A A P ) ,  l o n g e r  
f l i g h t s  come i n t o  t h e  p i c t u r e .  Some of  t h e  e a r l y  AAP m i s s i o n s  
may l a s t  up t o  two months.  S t u d i e s  r e p o r t e d  by Cot te rman and 
Wood i n d i c a t e  t h a t  i n t e r v a l s  o f  two or t h r e e  months may pose  
problems i n  s k i l l  r e t e n t i o n .  ( 4 )  P i l o t s  w i t h  whom t h e  matter 
has been  d i s c u s s e d  have g e n e r a l l y  c o n c u r r e d  i n  t h i s  c o n c l u s i o n .  
The o p i n i o n  o f t e n  e x p r e s s e d  i s  t h a t  a s i g n i f i c a n t  decay  i n  pro-  
f i c i e n c y  may o c c u r  d u r i n g  t h e  p e r i o d  from t h r e e  to s i x  months 
a f t e r  a t a s k  was l a s t  per formed.  
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Some a n a l o g i e s  t o  spacec rew a c t i v i t i e s  c a n  be  found 
i n  a i r c r a f t  p i l o t i n g  tasks .  I n  a Vought s t u d y ,  a c a r r i e r  l and -  
i n g  was found t o  be  t he  most d i f f i c u l t  phase  o f  a t a c t i c a l  m i s -  
s i o n  i n  a h igh-per formance  a i r c r a f t .  ( 5 )  
c r a f t  t o  a safe l a n d i n g  on t h e  E a r t h  o r  Mars can  be  s i m i l a r  i n  
c o m p l e x i t y  and s k i l l  r e q u i r e m e n t s  t o  a c a r r i e r  l a n d i n g .  To be  
q u a l i f i e d  i n  a s e r i e s  o f  high-performance a i r c r a f t ,  a Navy p i l o t  
must have f lown i n  t h e  s e r i e s  f o r  a t  l ea s t  f i v e  h o u r s  d u r i n g  t h e  

l a s t  th ree  months o r  t e n  hours  d u r i n g  t h e  l as t  s i x  months.  
The FAA has imposed a s i m i l a r  r e s t r i c t i o n  on commercial  a i r l i n e  
p i l o t s ,  t o  t h e  e f f e c t  t h a t  a p i l o t  who has n o t  f lown  f o r  a p e r i o d  
o f  90  d a y s  or more must r e q u a l i f y  by making f i v e  t a k e o f f s  and 
l a n d i n g s  b e f o r e  he may command a p a s s e n g e r  f l i g h t .  

C o n t r o l l i n g  a space -  

( 6 )  

( 7 )  

Thus , t h e r e  i s  c o n s i d e r a b l e ,  a l t h o u g h  i n d i r e c t ,  e v i -  
dence  t h a t  complex f l i g h t  s k i l l s  may d e t e r i o r a t e  when t h e y  have 
n o t  been u s e d  f o r  p e r i o d s  of t h ree  t o  s i x  months.  

2 . 2  S k i l l s  S e l e c t e d  f o r  I n f l i a h t  Main tenance  

With t h e  above f o u r  c r i t e r i a  as g u i d e l i n e s ,  v a r i o u s  
manned m i s s i o n s  have  been examined t o  i d e n t i f y  t h o s e  s k i l l s  f o r  
which i n f l i g h t  t r a i n i n g  may b e  r e q u i r e d  t o  m a i n t a i n  a s a t i s f a c -  
t o r y  l e v e l  o f  p r o f i c i e n c y .  These m i s s i o n s  are i n t e n d e d ’ t o  be 
t y p i c a l ,  r a ther  t h a n  e x h a u s t i v e ,  o f  t h o s e  e x p e c t e d  t o  be f lown 
i n  t h e  1970’s and 1980%.  F i g u r e  1 p r e s e n t s  t i m e l i n e s  f o r  t h e  
m i s s i o n s .  The t ime s c a l e  shown i n  t h i s  f i g u r e  i s  i n t e n d e d  t o  
b e  o n l y  r e p r e s e n t a t i v e  and s h o u l d  n o t  be  i n t e r p r e t e d  t o o  p r e -  
c i s e l y .  

The f o l l o w i n g  p a r a g r a p h s  d e s c r i b e  t h e  m i s s i o n s  b r i e f l y  
and d i s c u s s  t h e  crew tasks t h a t  t h e y  i n v o l v e .  

2 . 2 . 1  Extended E a r t h  O r b i t  Mis s ion  

A l a b o r a t o r y  w i t h  an  o p e r a t i n g  l i f e t i m e  o f  one year 
o r  more i s  p l a c e d  i n t o  o r b i t  a round  t h e  E a r t h .  A team of  a s t r o -  
n a u t s  o c c u p i e s  t h e  l a b o r a t o r y  f o r  s e v e r a l  months a t  a t i m e .  
Dur ing  t h i s  p e r i o d ,  t h e y  make o b s e r v a t i o n s  and conduct  e x p e r i -  
ments  i n  v a r i o u s  areas s u c h  as as t ronomy,  m e d i c i n e ,  b e h a v i o r a l  
s c i e n c e s ,  g e o l o g y ,  and E a r t h  r e s o u r c e s .  I n  t h e  c o u r s e  o f  s u b -  
s e q u e n t  r e v i s i t  f l i g h t s ,  some crew members r e t u r n  t o  E a r t h ,  
w h i l e  o t h e r s  remain  i n  t h e  l a b o r a t o r y .  

Although b o o s t e r  f u n c t i o n s  d u r i n g  l a u n c h  are norma l ly  
pe r fo rmed  a u t o m a t i c a l l y ,  t h e  crew m o n i t o r s  t h e  o p e r a t i o n s  and 
i n i t i a t e s  an  a b o r t  i f  n e c e s s a r y .  On r e v i s i t  f l i g h t s ,  rendezvous  
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and dock ing  w i t h  t h e  o r b i t i n g  l a b o r a t o r y  may i n v o l v e  crew p a r t i -  
c i p a t i o n ,  e s p e c i a l l y  i n  the  f i n a l  maneuvers .  However, a l l  t hese  
f u n c t i o n s  would b e  completed d u r i n g  t h e  f i r s t  o r  second d a y  o f  a 
f l i g h t ,  and s k i l l  degradat ion would n o t  b e  l i k e l y  to o c c u r .  

The crew tasks d u r i n g  most o f  t h e  m i s s i o n  would b e  
a s s o c i a t e d  w i t h  t h e  conduct  o f  e x p e r i m e n t s .  Many f e a t u r e s  o f  
E a r t h  o r b i t a l  m i s s i o n s  t e n d  to minimize  t h e  problems t h a t  may 
r e s u l t  f rom a decay of  crew p r o f i c i e n c y  i n  p e r f o r m i n g  t h e s e  
tasks .  The o r b i t  o f  t h e  l a b o r a t o r y  r ema ins  r e l a t i v e l y  f i x e d .  
Consequen t ly ,  repeated views a re  p o s s i b l e  and a d d i t i o n a l  o b s e r -  
v a t i o n s  o r  measurements o f  t e r r e s t i a l  o r  c e l e s t i a l  f e a t u r e s  
can  be made a t  l a t e r  t imes.  The r e p e t i t i o n  o f  tasks i n  t h e  
c o u r s e  of the  m i s s i o n  serves as a k i n d  o f  t r a i n i n g  p r o c e d u r e  
i n  i t s e l f .  F requen t  and r e l i ab le  wideband communication w i t h  
t h e  ground i s  a l s o  a v a i l a b l e  t o  m o n i t o r  t h e  crew and a d v i s e  
them on t h e  q u a l i t y  of  per formance  of  t h e i r  tasks .  F i n a l l y ,  
crew r o t a t i o n s  accompl ished  by  r e v i s i t  f l i g h t s  c o u l d  i n s u r e  
t h a t  a t  least  some members had undergone  r e c e n t  t r a i n i n g .  
T h e r e f o r e ,  u n l e s s  a n  exper iment  i n v o l v i n g  un ique  s k i l l s  i s  de- 
f e r r e d  u n t i l  sometime l o n g  a f t e r  l a u n c h ,  no r e q u i r e m e n t  t o  
m a i n t a i n  s k i l l s  f o r  performance o f  e x p e r i m e n t s  i s  f o r e s e e n .  

F l igh t - re la ted  tasks ,  s u c h  as c o n t r o l l i n g  t h e  a t t i -  
t u d e  o f  t h e  space s t a t i o n  and a d j u s t i n g  i t s  o r b i t a l  parameters, 
would be per formed f r e q u e n t l y  a n d ,  g e n e r a l l y ,  w i t h o u t  g r e a t  
s t ress .  T h e r e f o r e ,  these  t a s k s  a re  n o t  l i k e l y  t o  r e q u i r e  i n -  
f l i g h t  t r a i n i n g .  

E a r t h  e n t r y ,  however, c o n s t i t u t e s  a p o t e n t i a l  p r o b l e m  
a r e a .  The s k i l l s  needed t o  c o n t r o l  t h e  s p a c e c r a f t  d u r i n g  entry 
would n o t  be  used  u n t i l  t h e  end o f  a r e v i s i t  m i s s i o n ,  which 
would p r o b a b l y  o c c u r  t h r e e  months o r  more a f t e r  l aunch  o f  t h e  
r e v i s i t  s p a c e c r a f t .  I n  a l o w - l i f t  v e h i c l e  l i k e  Gemini o r  
A p o l l o ,  crew tasks i n v o l v e  h o l d i n g  t h e  a t t i t u d e  of  t h e  space -  
c r a f t  u n t i l  s u f f i c i e n t  aerodynamic f o r c e s  bu i ld -up ,  t h e n  con- 
t r o l l i n g  r o l l  t h r o u g h  a p e r i o d  o f  h i g h  d e c e l e r a t i o n .  Although 
these  f u n c t i o n s  would normally b e  per formed b y  a u t o m a t i c  
s y s t e m s ,  t h e  crew must c o n t i n u o u s l y  m o n i t o r  d i s p l a y s  of  a t t i -  
t u d e ,  a l t i t u d e ,  v e l o c i t y ,  d e c e l e r a t i o n ,  and t e m p e r a t u r e ,  and 
must assume c o n t r o l  i n  t h e  even t  of known or s u s p e c t e d  f a i l u r e  
o f  t h e  a u t o m a t i c  sys t ems .  L a t e r ,  p a r a c h u t e s  and f l o a t a t i o n  
bags must be  dep loyed  a t  t h e  p r o p e r  t imes .  Even i f  t h e  c o n t r o l  
p a n e l s  i n  t h e  e n t r y  v e h i c l e  a r e  s imilar  t o  t hose  i n s t a l l e d  i n  
t h e  s p a c e  s t a t i o n ,  t h e  e n t i r e  s e t  o f  d i s p l a y s  needed f o r  e n t r y  
would n o t  o r d i n a r i l y  have been u s e d  b e f o r e  e n t r y .  F u r t h e r m o r e ,  
t i m e  c o n s t r a i n t s  are  more c r i t i c a l  d u r i n g  e n t r y  t h a n  i n  o r b i t .  
Some l a t i t u d e  i n  t h e  i n i t i a t i o n  o f  e n t r y  maneuvers e x i s t s ,  and  
t h e  c o n s t a n t  p r o x i m i t y  o f  t h e  E a r t h  a l l o w s  t h e  m i s s i o n  t o  b e  
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t e r m i n a t e d  p r e m a t u r e l y  i f  t r o u b l e  d e v e l o p s .  N e v e r t h e l e s s ,  t h e  
f a c t o r s  c i t e d  above make Earth e n t r y  a v e r y  c r u c i a l  m i s s i o n  
p h a s e .  If r e v i s i t  f l i g h t s  occur  a t  r e g u l a r  i n t e r v a l s  o f  a b o u t  
t h r e e  months,  a m a r g i n a l  r equ i r emen t  may e x i s t  t o  p r o v i d e  i n -  
f l i g h t  t r a i n i n g  f o r  e n t r y .  However, i f  t h e  i n t e r v a l  between 
s u c c e s s i v e  f l i g h t s  i s  doubled t o  o b t a i n  l o n g e r - d u r a t i o n  d a t a ,  
i t  i s  much more l i k e l y  t h a t  e n t r y  t r a i n i n g  would become neces -  
s a r y ,  p a r t i c u l a r l y  on t h e  l a t e r  f l i g h t s .  I n  e i t h e r  c a s e ,  t h e  
problem c o u l d  become more s e r i o u s  i f  m u l t i p l e  l a u n c h e s  were 
u s e d  to p l a c e  t h e  s p a c e  s t a t i o n  i n t o  E a r t h  o r b i t  and i f  t h e  
f i rs t  crew members  r e q u i r e d  s e v e r a l  weeks t o  a s semble  and check  
o u t  t h e  modules b e f o r e  t h e y  c o u l d  begin the  m i s s i o n  e x p e r i m e n t s .  

2 . 2 . 2  Extended Lunar  Landing Miss ion  

T h i s  m i s s i o n  i s  similar t o  t h e  Apo l lo  l u n a r  l a n d i n g  
m i s s i o n .  The c h i e f  d i f f e r e n c e  o f  c o n c e r n  here i s  the  l o n g e r  
t i m e  s p e n t  by  t h e  crew on t h e  s u r f a c e  o f  t h e  moon. A s t a t i o n  
i s  s e t  up on t h e  moon and manned f o r  s e v e r a l  months a t  a t i m e .  
E x t e n s i v e  e x p l o r a t i o n s ,  t es t s ,  and e x p e r i m e n t s  are  conduc ted  
d u r i n g  t h i s  p e r i o d .  When t h e  t i m e  comes to l e a v e ,  t h e  a s t r o -  
n a u t s  a s c e n d  and r endezvous  w i t h  a n  o r b i t i n g  s p a c e c r a f t ,  t h e n  
r e t u r n  t o  E a r t h .  

A s  on a n  Apol lo  m i s s i o n ,  l u n a r  l a n d i n g  o c c u r s  a b o u t  
three days  a f t e r  l a u n c h .  No s k i l l  d e g r a d a t i o n  s h o u l d  be expec-  
t e d  d u r i n g  t h i s  i n t e r v a l .  T h e r e f o r e ,  no i n f l i g h t  t r a i n i n g  need 
b e  p r o v i d e d  f o r  tasks  per formed d u r i n g  l a u n c h ,  t r a n s l u n a r  i n j e c -  
t i o n ,  midcour se ,  l u n a r  o r b i t ,  and l u n a r  d e s c e n t  phases of  t h e  
m i s s i o n .  A c t i v i t i e s  of  t h e  a s t r o n a u t s  on t h e  s u r f a c e  of  t h e  
moon w i l l  p r o b a b l y  i n v o l v e  a r e p e a t e d  u s e  o f  skills. F u r t h e r -  
more,  t i g h t  t i m e  c o n s t r a i n t s  w i l l  o r d i n a r i l y  b e  a b s e n t  i n  t h e  
pe r fo rmance  o f  these tasks.  T h e r e f o r e ,  p o s t - l a u n c h  t r a i n i n g  
f o r  e x p e r i m e n t - r e l a t e d  s k i l l s  need n o t  be  p r o v i d e d .  

Ascent  f rom t h e  l u n a r  s u r f a c e  and r endezvous  and dock- 
i n g  w i t h  t h e  o r b i t i n g  s p a c e c r a f t  f o r  r e t u r n  t o  E a r t h  may p o s e  
problems i n  s k i l l  r e t e n t i o n .  On t y p i c a l  m i s s i o n s ,  p e r i o d s  o f  
two o r  t h r e e  months would have e l a p s e d  s i n c e  E a r t h  l a u n c h .  
T h e r e f o r e  a r e q u i r e m e n t  may e x i s t  t o  p r o v i d e  t r a i n i n g  f o r  t h e  
t a sks  l e a d i n g  up t o  E a r t h  r e t u r n .  

Dur ing  t h e  t r a n s - E a r t h  phase  o f  t h e  m i s s i o n ,  one o r  
more midcourse  c o r r e c t i o n s  would be made. I n  c a r r y i n g  o u t  t hese  
c o r r e c t i o n s ,  t h e  a s t r o n a u t s  would no rma l ly  have ample t i m e  t o  
v e r i f y  t h a t  t h e  s p a c e c r a f t  i s  i n  t h e  p r o p e r  a t t i t u d e  b e f o r e  
a p p l y i n g  t h r u s t .  S t u d i e s  be ing  conduc ted  by D .  A .  Corey ( 8 )  in 
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Bellcomm show t h a t  i f  t h e  l a s t  midcour se  c o r r e c t i o n ,  which i s  
t h e  most c r i t i c a l  i n  t h i s  r e g a r d ,  i s  a c c i d e n t a l l y  d e l a y e d  as 
much as f i f t e e n  m i n u t e s ,  t h e  s p a c e c r a f t  i s  a b l e  t o  e n t e r  sa t is-  
f a c t o r i l y  and l a n d  c l o s e  t o  i t s  i n t e n d e d  d e s t i n a t i o n  i n  most 
c a s e s .  Af te r  t h e  c o r r e c t i o n  had  been  a p p l i e d ,  t h e  crew c o u l d  
a l s o  m o n i t o r  t h e  t r a j e c t o r y  o f  t h e  s p a c e c r a f t  t o  i n s u r e  i t s  
agreement  w i t h  t h e  i n t e n d e d  p a t h .  S i n c e  t i m e  c o n s t r a i n t s  are  
n o t  s e v e r e ,  midcourse  c o r r e c t i o n s  would n o t  b e  l i k e l y  to r e q u i r e  
i n f l i g h t  t r a i n i n g .  

Because t h e  speed  i s  much g r e a t e r  and t h e  c o n d i t i o n s  
o f  i n i t i a l  a t m o s p h e r i c  e n c o u n t e r  are more s t r i n g e n t ,  E a r t h  
e n t r y  i s  a more c r u c i a l  phase  on a l u n a r  m i s s i o n  t h a n  on an  
E a r t h  o r b i t a l  m i s s i o n .  While many o f  t h e  c o n t r o l  f u n c t i o n s  
r e q u i r e d  t o  p e n e t r a t e  t h e  e n t r y  c o r r i d o r  c a n  be pe r fo rmed  a u t o -  
m a t i c a l l y ,  some involvement  o f  t h e  crew,  a t  l e a s t  i n  a back-up 
c a p a c i t y ,  can  be  e x p e c t e d .  F u r t h e r m o r e ,  i f  a h i g h - l i f t  e n t r y  
or l a n d i n g  v e h i c l e  i s  u s e d ,  manual c o n t r o l  would be used  d u r i n g  
t h e  f i n a l  p h a s e s  o f  approach  and touchdown. Lunar  m i s s i o n s  o f  
two or t h r e e  months d u r a t i o n ,  t h e r e f o r e ,  may r e q u i r e  i n f l i g h t  
t r a i n i n g  f o r  E a r t h  e n t r y ,  and t h e  s e r i o u s n e s s  o f  t h e  r e q u i r e m e n t  
s h o u l d  i n c r e a s e  g r e a t l y  w i t h  l o n g e r  m i s s i o n s .  

2 . 2 . 3  Mars Flyby Miss ion  

S e v e r a l  l a u n c h e s  may b e  n e c e s s a r y  t o  d e l i v e r  a l l  t h e  
s p a c e c r a f t  modules t o  E a r t h  o r b i t .  Over a p e r i o d  o f  t i m e ,  
t y p i c a l l y  a month or two, t h e  v a r i o u s  modules are  assembled and 
checked  o u t ,  and t h e  s p a c e c r a f t  i s  t h e n  i n j e c t e d  toward Mars. 
E x p e r i m e n t a t i o n  i s  done e n  r o u t e  i n  a v a r i e t y  of s p a c e  s c i e n c e s .  
P r i o r  to e n c o u n t e r ,  which o c c u r s  abou t  four 3 o n t h s  a f t e r  E a r t h  
d e p a r t u r e ,  t h e  crew members check  o u t ,  l a u n c h ,  m o n i t o r ,  t r a c k ,  
g u i d e ,  and c o n t r o l  unmanned p r o b e s  t o  g a t h e r  da t a  and s u r f a c e  
samples .  They a l s o  c a r r y  out  o b s e r v a t i o n s  and measurements  o f  
t h e  p l a n e t  and pho tograph  i t  as t h e y  p a s s  i t  a t  c l o s e  r a n g e .  
Dur ing  t h e  r e t u r n  t o  E a r t h ,  t h e  crew a n a l y z e s  t h e  data  and 
samples  g a t h e r e d  d u r i n g  t h e  f l y b y  p h a s e .  I n  a d d i t i o n ,  e x p e r i -  
ments  i n  v a r i o u s  s p a c e  s c i e n c e s  are conduc ted .  

The a s s e m b l y  and checkout  of t h e  s p a c e c r a f t  modules 
i n  E a r t h  o r b i t  may be performed by  a s p e c i a l  crew.  The m i s s i o n  
crew c o u l d  t h e n  t r a i n  on t h e  ground u n t i l  s h o r t l y  b e f o r e  E a r t h  
d e p a r t u r e .  However, i f  t h e  m i s s i o n  crew i s  a l s o  r e q u i r e d  t o  
assemble and check o u t  t h e  s p a c e c r a f t  modules ,  a n  a d d i t i o n a l  
month or two must b e  i n c l u d e d  i n  t h e  i n t e r v a l  between p r e f l i g h t  
t r a i n i n g  and t h e  per formance  o f  a m i s s i o n  t a s k .  S k i l l  deg ra -  
d a t i o n  might  t h e n  be more of a problem t h a n  i f  a s e p a r a t e  crew 
had been  used  f o r  E a r t h  o r b i t a l  t asks .  
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Midcourse c o r r e c t i o n s  a p p l i e d  l o n g  b e f o r e  e n c o u n t e r  
a re  n o t  l i k e l y  t o  impose h e a v i l y  on t h e  crew. The e x a c t  t i m e  
a t  which f i r i n g  b e g i n s  i s  g e n e r a l l y  n o t  c r i t i c a l ,  and t h e  a s t r o -  
n a u t  has ample o p p o r t u n i t y  t o  check  h i s  a c t i o n s  b e f o r e  and 
a f t e r  a p p l y i n g  t h r u s t .  S p e c i a l  i n f l i g h t  t r a i n i n g  would there-  
f o r e  n o t  be n e c e s s a r y .  

The l a s t  c o r r e c t i o n  on t h e  way t o  Mars, however ,  may 
pose  some problems.  T h i s  c o r r e c t i o n  may be  d e l a y e d  u n t i l  n e a r  
e n c o u n t e r ,  e s p e c i a l l y  i f  a l o w - a l t i t u d e  p a s s  i s  p l a n n e d .  It  
may a l s o  be  per formed d i f f e r e n t l y  f rom t h e  e a r l i e r  o n e s ;  f o r  
example,  landmarks on Mars may b e  u s e d  as r e f e r e n c e  p o i n t s  t o  
d e t e r m i n e  t h e  p r e c i s e  ad jus tmen t  needed .  F u r t h e r m o r e ,  t h i s  
c o r r e c t i o n  may b e  a p p l i e d  i n  t h e  m i d s t  o f  o t h e r  a c t i v i t i e s .  
However, even  w i t h  t h e s e  a d d i t i o n a l  c o n s i d e r a t i o n s ,  t h e  f i n a l  
c o r r e c t i o n  would p r o b a b l y  not  r e q u i r e  more complex f l i g h t  
s k i l l s  t h a n  t h e  e a r l i e r  ones ,  and would be s i m i l a r l y  f r e e  of 
t i g h t  t i m e  c o n s t r a i n t s .  T h e r e f o r e ,  i n f l i g h t  t r a i n i n g  p roce -  
d u r e s  f o r  these  o p e r a t i o n s  would n o t  be n e c e s s a r y .  

The p l a n e t a r y  e n c o u n t e r  phase o f  t h e  m i s s i o n ,  which 
b e g i n s  a week o r  two b e f o r e  t h e  s p a c e c r a f t  p a s s e s  t h e  p l a n e t  
and c o n t i n u e s  f o r  a similar i n t e r v a l  afterwards, i s  a p e r i o d  
of  h i g h  crew a c t i v i t y  t h a t  i s  l i k e l y  t o  p o s e  s e v e r a l  p roblems i n  
s k i l l  ma in tenance .  Human e r r o r s  d u r i n g  e n c o u n t e r  c o u l d  p r e v e n t  
t h e  m i s s i o n  f rom a c h i e v i n g  i t s  ma jo r  o b j e c t i v e s .  T h i s  i s  e spe -  
c i a l l y t r u e  d u r i n g  t h e  few seconds  o r  m i n u t e s  a v a i l a b l e  f o r  t h e  
h i g h e s t - r e s o l u t i o n  measurements a t  pe r i aps i s .  Landmark s i g h t -  
i n g s  would be  used  t o  upda te  t h e  n a v i g a t i o n  da ta .  Unexpected 
f e a t u r e s  of  t h e  p l a n e t  may be o b s e r v e d  and may r e s u l t  i n  sone  
d e v i a t i o n s  from t h e  p l anned  program o f  t a s k s .  F o r  all t h e s e  
a c t i v i t i e s ,  t h e  crew would r e q u i r e  i n f l i g h t  t r a i n i n g  p r o c e d u r e s  
t o  p r e s e r v e  t h e i r  f a m i l i a r i t y  w i t h  t h e  v a r i o u s  da ta  t h a t  t h e y  
might  r e c e i v e  and t o  r e t a i n  t h e i r  a b i l i t y  t o  e v a l u a t e  t h e  da ta  
and make d e c i s i o n s  w i t h  r e g a r d  t o  t h e  conduct  o f  t h e  m i s s i o n .  

The unmanned p robes  l aunched  d u r i n g  e n c o u n t e r  i n v o l v e  
a n o t h e r  group of  c r i t i c a l  crew t a s k s .  These  p robes  would p e r -  
form s p e c i a l i z e d  tasks  such  a s  p h o t o g r a p h i n g  t h e  p l a n e t  f rom 
o r b i t ,  measu r ing  a tmosphe r i c  c h a r a c t e r i s t i c s  d u r i n g  e n t r y ,  con- 
d u c t i n g  g e o p h y s i c a l  a n a l y s i s  on t h e  s u r f a c e ,  or r e t u r n i n g  sur- 
f a c e  samples  t o  be t a k e n  back t o  E a r t h  i n  t h e  s p a c e c r a f t .  I n  
t h e  conduct  o f  t hese  o p e r a t i o n s ,  t h e  manned s p a c e c r a f t  s e r v e s  
as a mob i l e  l a u n c h  complex and p r o v i d e s  t h e  f u n c t i o n s  o f  a 
m i s s i o n  c o n t r o l  c e n t e r .  The crew checks  o u t  and ,  i f  n e c e s s a r y ,  
r e p a i r s  t h e  p r o b e s ,  a l i g n s  t h e  i n e r t i a l  p l a t f o r m s ,  and i n s e r t s  
a t t i t u d e  and v e l o c i t y  change data and commands i n t o  t h e  p robe  
memories.  It i s  e s p e c i a l l y  i m p e r a t i v e  t ha t  t h e s e  tasks  be  pe r -  
formed c o r r e c t l y ,  s i n c e  e r r o r s  i n  l a u n c h  o r  t r a j e c t o r y  c o n d i t i o n s  
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may endanger the spacecraft and its crew. After the probes 
have separated from the spacecraft, the crew tracks them opti- 
cally and by radar, issues midcourse corrections if necessary, 
and monitors received data to ascertain the proper operations 
of the various probe subsystems. Photographs and other data 
transmitted from the first probes are studied and may be used 
to alter the intended missions of the probes. Commands are 
sent to the probes to cause them to deboost into orbit or de- 
scend to the planetary surface. The sample return vehicle 
must be directed to lift off the planet and rendezvous and dock 
with the spacecraft. 
quickly to determine if life forms are present. 
ing will probably be required to maintain proficiency in the 
performance of these tasks. However, since these activities 
occur four months after Earth departure, the need for inflight 
training is not as firm as it would be if a longer interval 
elapsed. 

The samples themselves must be analyzed 
Inflight train- 

Earth entry occurs almost two years after Earth depar- 
ture. Because the approach velocity is higher, the trajectory 
constraints for Earth entry are more critical on a planetary 
mission than on a lunar mission. Therefore, inflight training 
to maintain entry flight skills is even more likely to be re- 
quired than it would be on a lunar or Earth orbital mission. 

2.2.4 Venus Flyby Mission 

The Venus flyby is similar to the Mars flyby. The 
spacecraft passes Venus up to a month earlier than it would 
Mars, and the entire mission requires about 13 months, a g a i r s t  
nearly two years f o r  a Mars flyby mission. Variation i n  probe 
aes;gn arid operation ana in observation and measurement objec- 
tives and techniques would also be expected, because of  differ- 
ences in surface and atmospheric conditions for Venus and Mars. 

7 .  

In general, the flight skills and their inflight 
training requirements would be about the same as for the Mars 
flyby mission. 
ments would be grossly similar in that they would involve ex- 
periments conducted during midcourse phases, and remote sensing 
experiments and unmanned probe activities carried out a t  en- 
counter. The detailed skills, however, may have significsnt 
differences. Greater emphasis would be placed on targets of 
opportunity that might be observed through breaks in the clouds 
or televised from probes beneath the cloud layer. Samples may 
be returned from the atmosphere rather than the surface. High 
temperatures may impose further constraints by limiting the 
operational lifetime of a landing or low-atmosphere probe. 
These factors could influence the importance that was attached 
to retaining proficiency in various skills. 

The experiment tasks and their training require- 
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2 . 2 . 5  T r i p l e  F lyby  Miss ion  

T h i s  m i s s i o n  s tar ts  as a Venus f l y b y .  I n s t e a d  o f  re- 
t u r n i n g  t o  E a r t h  d i r e c t l y ,  t h e  s p a c e c r a f t  p a s s e s  Mars, t h e n  
f l i e s  by Venus a g a i n .  C r e w  f u n c t i o n s  would be  e s s e n t i a l l y  t h e  
same as on Venus and Mars f l y b y  m i s s i o n s ,  b u t  much l o n g e r  t ime 
i n t e r v a l s  would be  a s s o c i a t e d  w i t h  t h e  per formance  of  some t a sks .  
The f i r s t  Venus f l y b y  o c c u r s  a b o u t  f i v e  months a f t e r  E a r t h  
d e p a r t u r e .  The Mars f l y b y  o c c u r s  a t  l ea s t  s i x  months a f t e r  t h e  
f i r s t  Venus f l y b y ,  and t h e  second Venus f l y b y  o c c u r s  a t  l e a s t  
f o u r  months a f t e r  t h e  Mars f l y b y .  E a r t h  e n t r y  takes p l a c e  a t  
l e a s t  f o u r  months a f t e r  t he  second Venus f l y b y .  

A c t u a l l y ,  t h e  minimum t imes q u o t e d  h e r e  would n o t  p e r -  
t a i n  t o g e t h e r  t o  any one m i s s i o n ;  E a r t h  e n t r y ,  f o r  example,  
would n o t  o c c u r  u n t i l  a t  l e a s t  two y e a r s  a f t e r  E a r t h  d e p a r t u r e .  
A l l  t hese  minimum i n t e r v a l s ,  however,  a re  o f  s u c h  l e n g t h  t h a t  
s k i l l  d e g r a d a t i o n  may b e  e x p e c t e d ,  even  f o r  t h o s e  tasks  per formed 
d u r i n g  e v e r y  f l y b y  phase .  Fu r the rmore ,  t h e  p r e v i o u s  s e c t i o n  
showed t h a t  s i m i l a r i t y  o f  f u n c t i o n  d o e s  n o t  a l w a y s  i m p l y  s i m i l a r i t y  
o f  r e q u i r e d  s k i l l s .  T h e r e f o r e ,  wha teve r  i n f l i g h t  t r a i n i n g  i s  
deemed n e c e s s a r y  on t h e  s i n g l e  f l y b y  m i s s i o n s  would be even  more 
n e c e s s a r y  on t h e  t r i p l e  f l y b y  because  o f  t h e  l o n g e r  t imes i n -  
v o l v e d .  

2 . 2 . 6  Mars Landing Miss ion  

The E a r t h  d e p a r t u r e  and i n t e r p l a n e t a r y  phases a re  
e s s e n t i a l l y  t h e  same as on a Mars f l y b y  m i s s i o n ,  w h i l e  t h e  ope r -  
a t i o n s  i n  t h e  v i c i n i t y  of  Mars resemble t h o s e  on t h e  Apollo 
l u n a r  l a n d i n g  m i s s i o n .  Part of  t h e  crew rema ins  i n  t h e  space -  
creai't i n  o r b i t  a round ivlars. Other  crew m e m b e r s  descend t o  t h e  
p l a n e t a r y  s u r f a c e  t o  conduct  e x p l o r a t i o n s ,  t e s t s ,  and e x p e r i -  
men t s .  About one month l a t e r ,  t h e y  a s c e n d  and rendezvous  w i t h  
t h e  o r b i t i n g  s p a c e c r a f t  f o r  t h e  r e t u r n  t r i p  t o  E a r t h .  A s  i n  
t h e  c a s e  of t h e  p l a n e t a r y  f l y b y  m i s s i o n s ,  a c o n s i d e r a b l e  amount 
o f  e x p e r i m e n t a t i o n  i n  v a r i o u s  s p a c e  s c i e n c e s  i s  c a r r i e d  o u t  en- 
r o u t e  t o  Mars and t o  E a r t h .  

The l a n d i n g  on Mars i s  a h i g h l y  c r i t i c a l  phase o f  t h e  
m i s s i o n .  The l a n d i n g  i t s e l f  i s  v e r y  s imilar  t o  an Apol lo  l u n a r  
l a n d i n g ,  w i t h  t h e  crew d i r e c t l y  c o n t r o l l i n g  t h e  v e h i c l e  d u r i n g  
t h e  f i n a l  p o r t i o n s  o f  f l i g h t .  S i g n i f i c a n t  d i f f e r e n c e s  a l s o  
e x i s t ,  however.  Aerodynamic f o r c e s  may be  used  t o  d e c e l e r a t e  
t h e  v e h i c l e  as it  e n t e r s  t h e  a tmosphere  and may a l s o  a f f e c t  t h e  
pe r fo rmance  o f  t h e  v e h i c l e  d u r i n g  l a n d i n g .  Fu r the rmore ,  t h e  
M a r t i a n  t e r r a i n  w i l l  p robably  b e  l ess  w e l l  known t h a n  t h e  l u n a r  
l a n d i n g  s i t e s .  The s t r a n g e r  envi ronment  would r e q u i r e  t h a t  a 
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Mars l a n d i n g  m i s s i o n  be p r e p a r e d  t o  h a n d l e  a w i d e r  r a n g e  o f  con- 
t i n g e n c i e s .  I n f l i g h t  t r a i n i n g  would p r o b a b l y  be  r e q u i r e d  f o r  
t h e  f l i g h t  s k i l l s  i n v o l v e d  i n  d e s c e n t  and l a n d i n g  on t h e  s u r f a c e  
o f  Mars, and a s c e n t  and rendezvous  w i t h  t h e  o r b i t i n g  s p a c e c r a f t .  
The f a c t  t h a t  these  e v e n t s  o c c u r  f i v e  t o  s e v e n  months a f t e r  
E a r t h  d e p a r t u r e  s t r e n g t h e n s  t h e  n e c e s s i t y  o f  t r a i n i n g  f o r  them 
d u r i n g  t h e  m i s s i o n s .  

E a r t h  e n t r y  d o e s  not  t ake  p l a c e  u n t i l  a t  l e a s t  1 4  
months a f t e r  E a r t h  d e p a r t u r e .  A s  i n  t h e  c a s e  o f  t h e  f l y b y  m i s -  
s i o n s ,  t h i s  i s  a s u f f i c i e n t  t i m e  i n t e r v a l  t o  a l l o w  s i g n i f i c a n t  
decay  i n  crew s k i l l s  t o  occur  i f  i n f l i g h t  t r a i n i n g  i s  n o t  p ro -  
v i d e d .  

2 . 2 . 7  Venus F lyby  and Mars Landing 

T h i s  m i s s i o n  s t a r t s  as a s i m p l e  Venus f l y b y .  I n s t e a d  
o f  r e t u r n i n g  d i r e c t l y  t o  Ear th ,  t h e  s p a c e c r a f t  goes  t o  Mars, 
where i t  e n t e r s  a n  o r b i t  around t h e  p l a n e t .  Landing and subse-  
q u e n t  a c t i v i t i e s ,  similar t o  t h o s e  done on a d i r e c t  l a n d i n g  
m i s s i o n ,  are conduc ted .  

Venus f l y b y  o c c u r s  f i v e  o r  s i x  months a f t e r  E a r t h  de- 
p a r t u r e .  Mars l a n d i n g  t a k e s  p l a c e  f i v e  o r  s i x  months a f t e r  
Venus f l y b y .  E a r t h  e n t r y  o c c u r s  abou t  a y e a r  and a h a l f  a f t e r  
E a r t h  d e p a r t u r e .  A l l  these  t i m e  i n t e r v a l s  are s u f f i c i e n t l y  
l o n g  t o  a r o u s e  c o n c e r n  f o r  s k i l l  r e t e n t i o n  and t o  w a r r e n t  i n -  
f l i g h t  t r a i n i n g  t o  m a i n t a i n  crew p r o f i c i e n c y .  

It i s  p o s s i b l e  to r e v e r s e  t h e  o r d e r  o f  t h e  f l y b y  and 
l a n d i n g  phases o f  t h i s  m i s s i o n ;  f o r  example ,  a Venus flyby may 
b e  employed on t h e  r e t u r n  phase  of  a Mars l a n d i n g  m i s s i o n ,  
s i n c e  i t  a l l o w s  a lower  E a r t h  e n t r y  v e l o c i t y  t h a n  does  a d i r e c t  
r e t u r n  from Mars. Conduct ing t h e  f l y b y  b e f o r e  t h e  l a n d i n g ,  
however ,  has t h e  advan tage  o f  u s i n g  t h e  unmanned p r o b e s  when 
p a s s i n g  Venus, s o  t h a t  t h e i r  mass does  n o t  need t o  be  d e c e l e r -  
a t ed  i n t o  Mars o r b i t  and  s u b s e q u e n t l y  a c c e l e r a t e d  f o r  d e p a r t u r e  
f rom Mars. But i n  t h i s  c a s e  t h e  Mars l a n d i n g ,  which i n v o l v e s  
the most d i f f i c u l t  and c r i t i c a l  s k i l l s  i n  t h e  e n t i r e  m i s s i o n ,  
i s  per formed abou t  s i x  months l a t e r  ( n e a r l y  a y e a r  a f t e r  E a r t h  
d e p a r t u r e )  and d e g r a d a t i o n  o f  these  s k i l l s  i s  more l i k e l y  t o  
o c c u r  i f  i n f l i g h t  t r a i n i n g  p r o c e d u r e s  are  not a d o p t e d .  

2 . 2 . 8  Summary of Miss ion-Rela ted  S k i l l s  

I n  summary, i t  i s  p o s s i b l e  t o  enumera te  s e v e r a l  areas 
t h a t  may r e q u i r e  i n f l i g h t  t r a i n i n g  t o  p r e s e r v e  s k i l l s  re la ted  
t o  t h e  f l i g h t  of t h e  s p a c e c r a f t  o r  t h e  conduct  o f  e x p e r i m e n t s  
on l o n g - d u r a t i o n  manned m i s s i o n s .  These areas are p r e s e n t e d  i n  
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T a b l e  1 f o r  t h e  s e v e n  m i s s i o n s  d i s c u s s e d  above .  Based on con- 
s i d e r a t i o n s  of  t a s k  complexi ty  and t h e  i n t e r v a l  be tween p e r f o r -  
mances o f  a task,  t h e  f i r m n e s s  o f  t h e  r e q u i r e m e n t s  f o r  i n f l i g h t  
t r a i n i n g  i s  a l s o  i n d i c a t e d .  More d e t a i l e d  s k i l l  a n a l y s e s  f o r  
t h o s e  m i s s i o n  o p e r a t i o n s  l i s t e d  i n  T a b l e  1 as p o s s i b l y  or prob-  
a b l y  r e q u i r i n g  main tenance  shou ld  be u n d e r t a k e n  a t  a n  e a r l y  
s t a g e  to d e t e r m i n e  what i n f l u e n c e  t h e y  may have on s p a c e c r a f t  
d e s i g n  or o p e r a t i n g  p r o c e d u r e .  

2 . 2 . 9  O the r  S k i l l s  

On a l l  s p a c e  m i s s i o n s ,  t h e  a s t r o n a u t s  must be a b l e  t o  
r e s p o n d  c o r r e c t l y  t o  emergency s i t u a t i o n s  l i k e  f i r e s ,  m e t e o r o i d  
p u n c t u r e s ,  and m a l f u n c t i o n s  i n  t h e  l i f e  s u p p o r t  s y s t e m s .  I n  
E a r t h  o r b i t ,  abandonment o f  the l a b o r a t o r y  and b o a r d i n g  o f  
e s c a p e  v e h i c l e s  must a l s o  be c o n s i d e r e d .  Even t s  o f  t h i s  t y p e  
are g e n e r a l l y  r e c o g n i z e d  as p o t e n t i a l  h a z a r d s  and  p r o c e d u r e s  t o  
h a n d l e  them are  a l r e a d y  p lanned  i n t o  m i s s i o n s .  " F i r e  d r i l l s "  
f o r  v a r i o u s  k i n d s  o f  emergency would be  conduc ted  on a l l  m i s -  
s i o n s ,  and c o u l d  even  be combined on o c c a s i o n  w i t h  t h e  i n f l i g h t  
t r a i n i n g  f o r  t h e  tasks mentioned above.  

3 . 0  SKILL MAINTENANCE PROCEDURES 

Most s k i l l s  t o  be m a i n t a i n e d  d u r i n g  a m i s s i o n  would 
n o t  r e q u i r e  s p e c i a l  t r a i n i n g  f a c i l i t i e s .  The crew members  c o u l d  
p r e s e r v e  some d e g r e e  of p r o f i c i e n c y  s imply  by r e a d i n g  i n s t r u c -  
t i o n  manuals ,  wa tch ing  t r a i n i n g  f i l m s ,  s t u d y i n g  t h e  c o n t r o l s  and 
d i s p l a y s ,  and r e v i e w i n g  s p e c i f i c  p r o c e d u r e s .  F u r t h e r m o r e ,  t h o s e  
s k i l l s  t h a t  are  needed f r e q u e n t l y  i n  t h e  c o u r s e  o f  a m i s s i o n  
would p r o b a b l y  n o t  r e q u i r e  special equipment  fcr training. 

. .  

I n  g e n e r a l ,  t h e  tasks  c i t e d  i n  t h e  p r e v i o u s  s e c t i o n  
as b e i n g  l i k e l y  t o  r e q u i r e  i n f l i g h t  t r a i n i n g  i n v o l v e  complex 
s k i l l s  t h a t  c o u l d  n o t  b e  m a i n t a i n e d  by bookwork a l o n e .  A c t u a l l y  
p r a c t i c i n g  t he  tasks i n v o l v i n g  these  s k i l l s  i s  t h e  b e s t  way to 
r e t a i n  p r o f i c i e n c y  b u t  may be t o o  e x p e n s i v e  or even  i m p o s s i b l e .  
F o r  example,  f i r i n g  a h i g h - t h r u s t  r o c k e t  o r  o p e r a t i n g  t h e  r e a c -  
t i o n  c o n t r o l  sys t em f o r  t r a i n i n g  p u r p o s e s  may consume a p r o h i b i -  
t i v e  amount of  p r o p e l l a n t ,  bo th  to c a r r y  o u t  t h e  t r a i n i n g  e x e r -  
c i s e  and to c o r r e c t  t h e  s p a c e c r a f t  a t t i t u d e  and t r a j e c t o r y  
af terwards.  Fur the rmore ,  a l t h o u g h  a n  a i r c r a f t  p i l o t  can  make 
r e a l i s t i c  p r a c t i c e  l a n d i n g s  on c l o u d  banks ,  no ana logous  oppor- 
t u n i t y  e x i s t s  f o r  a n  a s t r o n a u t  w i s h i n g  to p r a c t i c e  Mars l a n d i n g  
o r  an E a r t h  e n t r y  w h i l e  he i s  i n  s p a c e .  T h e r e f o r e ,  some a l t e r -  
n a t i v e  t r a i n i n g  means i s  n e c e s s a r y .  
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3 . 1  Use of Simulators 

Simulators have been successful in training crews to 
perform complex tasks. Full mission simulators duplicate as 
closely as practical the situations and environment that may be 
experienced on the actual flight, and are the next best thing 
to actual flight practice. The effectiveness of simulator 
training was demonstrated quite clearly during the Gemini 
program, and the discrepancies between the simulations and actual 
spacecraft systems had no noticeable effect on orbital perfor- 
mance'?) The Apollo program is also making extensive use of 
simulations of the Command Module and the Lunar Module to train 
the astronauts in all phases of the mission, and a similar 
demonstration of the effectiveness of this training when the 
actual flights occur may well be anticipated. Moreover, comer- 
cia1 airlines, facing increased operating costs and a shortage 
of qualified instructors, are shifting more training operations 
from flight to simulation. (lo) With these precedents well 
established, it appears desirable to consider simulators in more 
detail to determine their possible application to inflight 
training. 

3 . 1 . 1  General Simulator Characteristics 

The basic functions of the spaceborne simulator would 
be similar to those of the ground-based simulator, and would 
center on a control station with computer-driven displays. In 
most ground-based simulators, however, weight, size, and power 
are secondary considerations, while these factors would be far 

critical in a spaceborne simulator. 

One particular difficulty lies in the simulation of 
visual, "out the window" displays. Landing a vehicle on Mars 
or on the Earth may be expected to impose a heavy workload on 
the astronaut. As a recent accident with the M2-F2 lifting body 
demonstrates, pilot concentration, familiarity with the landing 
area, and good altitude information are key items here. 
training for such landings, a credible simulation of the three- 
dimensional real world would be highly desirable, if not essen- 
tial. Perception of distance is also important during the 
touchdown phase of a Mars landing and during the rendezvous for 
Earth return. Providing realistic visual simulations has been 
a long-standing problem, but progress is being made in the use 
of  television and films in large ground-based installations. 
It remains to be seen whether these techniques can be adapted 
to spaceborne applications. 

(11) In 

( 1 2 )  
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The difficulty in obtaining completely satisfactory 
visual simulations points up an area in which further study is 
needed. The skills that involve out-the-window views should be 
analyzed to determine their importance to the conduct of the 
mission and their degradation in time. If these skills are 
shown to be important and to degrade significantly, mission 
planners would have a choice between providing adequate visual 
simulation for inflight training and not relying on the crew 
to perform certain tasks properly. An unwillingness to accept 
the latter alternative could influence mission plans; for 
example, landing on Mars before flying by Venus to reduce the 
effects of landing skill degradation. It could also spur the 
development of out-the-window simulators for spaceborne appli- 
cations. Because of the far-reaching consequences, studies in 
this area should be initiated early. 

3 . 1 . 2  Crew Considerations 

The type of inflight training and the degree of profi- 
ciency required would not generally be the same for all crew 
members. The mission commander, and probably his immediate back- 
up, would be highly qualified pilots. During the mission, they 
would train primarily to preserve the skills that they already 
had acquired and that they knew they would need to keep ready for 
use at a later time. There would also be some members of the 
crew, particularly when more than three men are involved, who 
were not primarily pilots and who had much less flight experience 
than the others. On Earth orbital missions, they may never have 
been in space before. These astronauts might also train to en- 
large their skills, as well as maintain whatever proficiency 

flight crew. Since they are backups to crew members who are 
themselves backups to an automatic system for most flight oper- 
ations, their training would be less critical and would not 
impose as stringent requirements for proficiency as would be the 
case for the mission commander. 

they had already a c q u i r e d ,  to p r e v i d e  2 bac!:~p ts " A L L  pi - n - - r , - - r  i i i i a i  y 

3.1.3 Availability of Time for Training 

Finding time for inflight training should pose no p r o b -  
lems to the astronauts. On interplanetary missions, long inter- 
vals occur during which the crew members are engaged in tasks 
of relatively low scheduling priority. On all missions, some time 
could be found during which other activities could be inter- 
rupted if necessary to allow the astronauts to engage in 
training exercises for future events. 
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3.1.4 C o m p a t i b i l i t y  With P r e f l i g h t  T r a i n i n g  

I n  b read th  and  d e p t h ,  i n f l i g h t  t r a i n i n g  s h o u l d  be as 
s imilar  t o  p r e f l i g h t  t r a i n i n g  as p o s s i b l e .  When an  a s t r o n a u t  
b e g i n s  t r a i n i n g  f o r  a space  m i s s i o n ,  he c o n c e n t r a t e s  on t h e  
a v e r a g e  o r  nominal  c o n d i t i o n s  which he can  e x p e c t  t o  e n c o u n t e r .  
Af t e r  he has become f a m i l i a r  w i t h  t hese ,  he i s  i n t r o d u c e d  t o  
more d i f f i c u l t  s i t u a t i o n s ,  such  as might r e s u l t  f rom u n u s u a l  
f l i g h t  c o n d i t i o n s ,  equipment m a l f u n c t i o n s  and f a i l u r e s ,  changes  
i n  m i s s i o n  p l a n ,  e t c .  E v e n t u a l l y  he i s  ab le  to manage t h e  most 
c o m p l i c a t e d  a s p e c t s  o f  t he  p l anned  m i s s i o n  and a number o f  con- 
t i n g e n c i e s  as wel l .  I n f l i g h t  t r a i n i n g  s h o u l d  e n a b l e  h i m  t o  p re -  
s e r v e  a l l  t h e  s k i l l s  he has a c q u i r e d  i n  the  pe r fo rmance  o f  p r i -  
mary  tasks,  backup f u n c t i o n s ,  and emergency p r o c e d u r e s .  

The implemen ta t ion  o f  i n f l i g h t  t r a i n i n g  s h o u l d  a l s o  
b e  as similar t o  t h a t  of p r e f l i g h t  t r a i n i n g  as p o s s i b l e .  If 
t h e  spaceborne  s i m u l a t i o n  is  k e p t  harmonious w i t h  t h a t  on t h e  
g round ,  i n f l i g h t  t r a i n i n g  can more r e a d i l y  p r o v i d e  a r e i n f o r c e -  
ment of  l e a r n i n g  a l ready a c q u i r e d .  Because o f  l i m i t a t i o n s  o f  
we igh t ,  s i z e ,  and power,  t h e  spaceborne  s i m u l a t i o n  i s  l i k e l y  t o  
b e  a s u b s e t  o f  t h e  ground-based s i m u l a t i o n .  T h i s  p o i n t  c o u l d  
b e  a n  i m p o r t a n t  c o n s i d e r a t i o n ,  and c o u l d  r e s u l t  i n  d e s i g n i n g  
t h e  ground-based s i m u l a t o r  t o  be  c o m p a t i b l e ,  f o r  t r a i n i n g  pur -  
p o s e s ,  w i t h  the  spaceborne .  

3 . 2  Hardware and S o f t w a r e  C o n s i d e r a t i o n s  

3.2.1 I n f l i g h t  T r a i n i n g  S t a t i o n s  

The b a s i c  f u n c t i m  af  t h e  sixulator Is tu d c c e p ~  i n p u t s  
f rom t h e  a s t r o n a u t ,  u s e  these i n p u t s  to c o n t r o l  o r  modify a com- 
p u t a t i o n a l  program, and p r e s e n t  o u t p u t s  t o  t h e  a s t r o n a u t .  F i g -  
u r e  2 shows these  f u n c t i o n s  i n  a g e n e r a l i z e d  b l o c k  diagram. The 
a s t r o n a u t  c o n t r o l s  and d i s p l a y s ,  and v i s u a l  s i m u l a t o r  i f  needed ,  
compr i se  a t r a i n i n g  s t a t i o n  aboa rd  t h e  s p a c e c r a f t .  

The s t a t i o n  used  f o r  t r a i n i n g  f o r  a t a s k  c o u l d  be  t h e  
same s t a t i o n  t h a t  w i l l  b e  used  i n  t h e  per formance  o f  t h a t  t a s k  
on t h e  a c t u a l  m i s s i o n .  T h i s  a p p r o a c h  would t e n d  to make t r a i n -  
i n g  more r e a l i s t i c  b y  l e t t i n g  t h e  a s t r o n a u t s  p r a c t i c e  w i t h  t h e  
same c o n t r o l s  and d i s p l a y s  a s  t h e y  would u s e  d u r i n g  t h e  a c t u a l  
m i s s i o n  phases  to come. One d i s a d v a n t a g e  i s  t h a t  t h e  s t a t i o n  
would be  f u n c t i o n a l l y  d i s c o n n e c t e d  from t h e  a c t u a l  m i s s i o n  
o p e r a t i o n s  d u r i n g  t r a i n i n g .  However, s i n c e  t r a i n i n g  e x e r c i s e s  
would b e  conducted  o n l y  d u r i n g  p e r i o d s  o f  low m i s s i o n  a c t i v i t y ,  
a few e s s e n t i a l  d i s p l a y s  ( m e t e r s ,  l i g h t s ,  e t c . )  t o  m o n i t o r  on- 
boa rd  sys t ems  c o u l d  be  e x a c t l y  o r  f u n c t i o n a l l y  d u p l i c a t e d  e l se-  
where i n  t h e  s p a c e c r a f t ,  as t h e y  may w e l l  b e  anyway t o  p r o v i d e  
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a backup t o  t h e  p r i m a r y  m i s s i o n  s t a t i o n .  Another  d i s a d v a n t a g e  
i s  tha t  a d d i t i o n a l  f a i l u r e  modes may a r i s e ,  s i n c e  t h e  c o n t r o l s  
and  d i s p l a y s  a t  t h e  s t a t i o n  must be  s w i t c h e d  between t h e  r e a l  
wor ld  i n  which t h e  m i s s i o n  i s  t a k i n g  p l a c e  and t h e  s i m u l a t e d  
wor ld  o f  t h e  t r a i n i n g  o p e r a t i o n s .  Some o f  t h i s  s w i t c h i n g  capa-  
b i l i t y ,  however,  may already be a v a i l a b l e .  Automatic  o r  semi- 
a u t o m a t i c  t e s t i n g  and checkout  w i l l  p r o b a b l y  be  i n c o r p o r a t e d  
i n t o  t h e  d e s i g n  o f  many s p a c e c r a f t  s y s t e m s ,  and may r e q u i r e  a n  
o p e r a t i n g  mode i n  which t e s t  s t i m u l i  are a p p l i e d  t o  t h e  s y s t e m s .  
The a s t r o n a u t  might even be c o n s i d e r e d  as a n o t h e r  s y s t e m  a b o a r d  
t h e  s p a c e c r a f t ,  and h i s  t r a i n i n g  c o u l d  be t rea ted  as p a r t  o f  
t h e  t e s t i n g  per formed from t i m e  t o  t i m e  i n  t h e  c o u r s e  of t h e  
m i s s i o n .  It i s  p o s s i b l e ,  t h e r e f o r e ,  t h a t  m i s s i o n  s t a t i o n s  c o u l d  
be  used  f o r  t r a i n i n g  o p e r a t i o n s  as w e l l  as t h e i r  p r i m a r y  func-  
t i o n s ,  w i t h  l i t t l e  o r  no a d d i t i o n a l  hardware r e q u i r e d .  

A second a l t e r n a t i v e  would b e  t o  conduct  t r a i n i n g  
e x e r c i s e s  a t  a s t a t i o n  o t h e r  t h a n  t h e  one t o  b e  used  d u r i n g  t h e  
a c t u a l  m i s s i o n .  Using a d i f f e r e n t  s t a t i o n  would minimize  t h e  
p o s s i b i l i t y  o f  i n t e r f e r e n c e  w i t h  r o u t i n e  m i s s i o n  o p e r a t i o n s  and  
r e d u c e  t h e  l i k e l i h o o d  of  damaging m i s s i o n - c r i t i c a l  equipment .  
By e l i m i n a t i n g  t h e  need f o r  s w i t c h i n g  t h e  p r i m a r y  s t a t i o n  be- 
tween t r a i n i n g  and a c t u a l  m i s s i o n  modes, t h e  u s e  o f  a d i f f e r e n t  
s t a t i o n  would a l s o  remove a number o f  p o t e n t i a l  f a i l u r e  s i t u a t i o n s  
and  make i t  l e s s  l i k e l y  t h a t  a m a l f u n c t i o n  t ha t  o c c u r s  d u r i n g  
t r a i n i n g  c o u l d  j e o p a r d i z e  t h e  o v e r a l l  m i s s i o n .  The s t a t i o n  would 
n o t  n e c e s s a r i l y  be  i n s t a l l e d  e x c l u s i v e l y  o r  even  p r i n c i p a l l y  f o r  
t r a i n i n g ;  i t  c o u l d  be  i n t e n d e d  as a backup f o r  t h e  p r i m a r y  s ta-  
t i o n ,  and may even  be i d e n t i c a l  t o  t h e  p r i m a r y  s t a t i o n .  I n  t h a t  
e v e n t ,  t r a i n i n g  f u n c t i o n s  cou ld  b e  implemented w i t h  l i t t l e  o r  no 
a d d i t i o n a l  hardware. 

If n e i t h e r  t h e  p r i m a r y  n o r  a backup s t a t i o n  i s  a v a i l -  
a b l e ,  a n  a d d i t i o n a l  s t a t i o n  d e s i g n e d  e x p r e s s l y  f o r  t r a i n i n g  pu r -  
p o s e s  must be  c o n s i d e r e d .  Some degree o f  m o d u l a r i t y  c o u l d  be  
o b s e r v e d  i n  t h e  d e s i g n  o f  t h i s  s t a t i o n  s o  t h a t ,  by  r e p l a c i n g  t h e  
a p p r o p r i a t e  modules ,  t h e  same s t a t i o n  c o u l d  be used  t o  s i m u l a t e  
s e v e r a l  m i s s i o n  s t a t i o n s  on t h e  s p a c e c r a f t .  Dev ices  l i k e  v i s u a l  
s i m u l a t o r s ,  which would b e  used o n l y  f o r  t r a i n i n g ,  c o u l d  b e  more 
r e a d i l y  i n s t a l l e d  a t  a s p e c i a l  s t a t i o n  and would b e  l e s s  l i k e l y  
t o  a f f e c t  t h e  d e s i g n  o r  i n t e r f e r e  w i t h  t h e  o p e r a t i o n  of  t h e  
p r i m a r y  and backup s t a t i o n s .  T h i s  advan tage  compensa tes  to some 
e x t e n t  f o r  t h e  weight p e n a l t y  t h a t  a n  a d d i t i o n a l  s t a t i o n  c a u s e s .  

The p o s s i b i l i t y  of t r a i n i n g  a t  a s t a t i o n  o t h e r  t h a n  
t h e  one t o  be used  d u r i n g  t h e  a c t u a l  m i s s i o n  phase p o i n t s  up a n  
i m p o r t a n t  d e s i g n  c o n s i d e r a t i o n :  t h e  v a r i o u s  s t a t i o n s  on t h e  
s p a c e c r a f t  s h o u l d  b e  as much a l i k e  as p o s s i b l e .  Observance 
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of t h i s  p r i n c i p l e  c o u l d  s i m p l i f y  crew t r a i n i n g  i n  g e n e r a l  b y  re -  
d u c i n g  t h e  p e c u l i a r i t i e s  of e a c h  s t a t i o n  w i t h  which a n  a s t r o n a u t  
would need t o  become fami l ia r .  The A i r  F o r c e ,  i n  f a c t ,  i s  f o l -  
lowing  a s imi l a r  p o l i c y  i n  i t s  newes t  f i g h t e r  a i r c r a f t .  However, 
c a u t i o n  niust b e  e x e r c i s e d  i n  d e s i g n i n g  t h e  v a r i o u s  s p a c e c r a f t  
s t a t i o n s  t o  p r e v e n t  t h e  n e g a t i v e - t r a n s f e r  e f f e c t s  t h a t  may o c c u r  
if similar s t i m u l i  r e q u i r e  d i f f e r e n t  crew r e s p o n s e s  a t  d i f f e r e n t  
s t a t i o n s  or d i f f e r e n t  t imes  d u r i n g  t h e  m i s s i o n .  

The modular  c o n f i g u r a t i o n s  t y p i c a l  o f  l a r g e  s p a c e  
v e h i c l e s  may impose some r e s t r a i n t s  on t h e  i m p l e m e n t a t i o n  o f  
t r a i n i n g  r e q u i r e m e n t s .  I n  t r a i n i n g  f o r  t h e  Mars l a n d i n g ,  f G r  
example,  t h e  crew may be able t o  assume t h e i r  s t a t i o n s  w i t h i n  t h e  
l a n d i n g  module and s o  e x p e r i e n c e  a most r e a l i s t i c  i n t e r a c t i o n  
w i t h  i t s  c o n t r o l s  and d i s p l a y s .  On t h e  o t h e r  hand ,  i t  i s  a l s o  pos-  
s i b l e  t h a t  t h e  l a n d i n g  module w i l l  b e  s e c u r e d  d u r i n g  most o f  t h e  
i n t e r p l a n e t a r y  phase  of  t h e  m i s s i o n  and s o  w i l l  b e  u n a v a i l a b l e  f o r  
t r a i n i n g  p r o c e d u r e s .  I n  t h e  l a t t e r  c a s e ,  a s i m u l a t e d  s t a t i o n  i n  
t h e  main s p a c e c r a f t  would a p p e a r  t o  b e  mandatory.  A s imilar s i t u a -  
t i o n  may e x i s t  w i t h  r e g a r d  t o  t h e  E a r t h  e n t r y  v e h i c l e  i f  a s p e c i a l  
module i s  i n v o l v e d  and i s  not  boa rded  b y  t h e  crew u n t i l  s h o r t l y  b e -  
f o r e  e n t r y .  I n  c a s e s  where s p a c e c r a f t  modules are  i n a c c e s s i b l e  f o r  
t r a i n i n g ,  i t  may b e  p o s s i b l e  t o  s e t t l e  f o r  t r a i n i n g  e x e r c i s e s  o f  
r educed  complex i ty  and comprehensiveness  d u r i n g  most o f  t h e  n i s s i o n ,  
and t o  i n t r o d u c e  a p e r i o d  of h i g h - l e v e l ,  i n t e n s i v e  t r a i n i n g  i n v o l v i n g  
t h e  module immedia t e ly  b e f o r e  i t s  u s e  on t h e  m i s s i o n .  The checkou t  
o f  t h e  module i t s e l f  cou ld  b e  a p a r t  o f  t h e  t r a i n i n g  e x e r c i s e .  Prob-  
lems o f  t h i s  n a t u r e  would be eased i f  t h e  c o n t r o l  s t a t i o n s  i n  t h e  
e n t r y  module were as s imilar  as p o s s i b l e  t o  t h o s e  i n  t h e  main m i s -  
s i o n  module.  

3.2.2 Computer System C o n s i d e r a t i o n s  

The p o i n t s  j u s t  made r e g a r d i n g  t h e  u s e  o f  v a r i o u s  space -  
c r a f t  s t a t i o n s  f o r  t r a i n i n g  g e n e r a l l y  app ly  t o  t h e  computer  s y s t e m  
as w e l l .  A computer ,  however, h a s  mcre f l e x i b i l i t y  and v e r s a t i l i t y  
t h a n  t h e  d i s p l a y s  and c o n t r o l s  w i t h  which i t  o p e r a t e s .  F u r t h e r m o r e ,  
t h e  f u n c t i o n s  o f  one computer can  b e  s i m u l a t e d  on a r ,o the r  computer  
much more r e a d i l y  t h a n ,  s a y ,  one s e t  o f  d i s p l a y s  can  b e  s i m u l a t e d  
w i t h  a n o t h e r  set. T h e r e f o r e ,  a l t h o u g h  i t  i s  g e n e r a l l y  d e s i r a b l e  
t c  use  t h e  same equ ipnen t  for. t r a i n i n g  as w i l l  b e  used d c r i n g  t h e  
a c t u a l  m i s s i o n ,  t h e r e  may be l e s s  urgency t o  a p p l y  t h i s  p r i n c i p l e  
t o  t h e  computer  sys t em.  

The modular  c o n f i g u r a t i o n  o f  t h e  s p a c e c r a f t  may s i g n i -  
f i c a n t l y  i n f l u e n c e  t h e  d e s i g n  o f  t h e  computer s y s t e m  and i t s  
programs.  Modules i n t e n d e d  f o r  c p e r a t i o n  apar t  from t h e  r e s t  o f  
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t h e  s p a c e c r a f t ,  such  as t h o s e  used  f o r  l a n d i n g  on t h e  moon, Mars, 
or t h e  E a r t h ,  would g e n e r a l l y  have t h e i r  own i n d e p e n d e n t  compu- 
t e r s .  These computers  may b e  i n t e r c h a n g e a b l e  f o r  r e l i a b i l i t y  
p u r p o s e s .  It i s  a l s o  p o s s i b l e  t h a t  e a c h  computer  would b e  
t a i l o r e d  t o  t h e  s p e c i f i c  needs o f  t h e  module i n  which i t  was 
i n s t a l l e d  and may even  have i t s  program i n  a f i x e d  memory t o  
p r o t e c t  i t  from a c c i d e n t a l  damage d u r i n g  t h e  m i s s i o n .  Some 
i n t e r c o n n e c t i o n s  among t h e  v a r i o u s  modular  computers  may e x i s t ,  
e i t h e r  f o r  data t r a n s f e r  d u r i n g  t h e  p r o p e r  m i s s i o n  phase or f o r  
checkout  p u r p o s e s .  

The s p e c i f i c  methods t h a t  may b e  used  t o  implement i n -  
f l i g h t  t r a i n i n g  on t h e  s p a c e c r a f t  computer  s y s t e m  are gove rned  
by two f a c t o r s :  t h e  a v a i l a b i l i t y  o f  t h e  computers  a t  v a r i o u s  
times d u r i n g  t h e  m i s s i o n ,  and t h e  e x t e n t  t o  which these compu- 
t e r s  can  accommodate t h e  a d d i t i o n a l  r e q u i r e m e n t s  o f  i n f l i g h t  
t r a i n i n g .  (The a d d i t i o n a l  r e q u i r e m e n t s  are  c o n s i d e r e d  i n  more 
d e t a i l  l a t e r . )  On p l a n e t a r y  m i s s i o n s ,  f o r  example,  t h e  compu- 
t e r  used  i n  t h e  o p e r a t i o n  of t h e  unmanned p r o b e s  would l i k e l y  
b e  i n  t h e  main m i s s i o n  module, be  l a rge  enough t o  h a n d l e  t h e  
a d d i t i o n a l  f u n c t i o n s  r e q u i r e d  f o r  t r a i n i n g  d u r i n g  t h e  midcour se  
p h a s e ,  and b e  a v a i l a b l e  when needed .  I f  t h e  m i s s i o n  computer  
i s  a v a i l a b l e  b u t  has i n s u f f i c i e n t  r e s o u r c e s  f o r  t h e  a d d i t i o n a l  
f u n c t i o n s  i n v o l v e d  i n  t r a i n i n g ,  a n o t h e r  computer  would b e  needed 
t o  p r o v i d e  these f u n c t i o n s .  The E a r t h  e n t r y  module, f o r  example,  
may have a r a t h e r  small computer t h a t  c o u l d  n o t  accommodate more 
f u n c t i o n s .  
would t h e n  need t o  be handled  by a n o t h e r  computer .  I f  t h e  m i s -  
s i o n  computer  i s  n o t  a v a i l a b l e  for t r a i n i n g  p u r p o s e s ,  one or 
more o t h e r  computers  c o u l d  s u b s t i t u t e  f o r  i t ,  b y  e i t h e r  d u p l i -  
c a t i n g  o r  s i m u l a t i n g  i t s  f u n c t i o n ;  a s  wel l  3 s  p r c v L d i ~ g  thc 
a d d i t i o n a l  f u n c t i o n s  needed f o r  t r a i n i n g .  T h i s  c o u l d  be t h e  
c a s e  i f  modules were n o t  a v a i l a b l e  e x c e p t  when needed on t h e  
a c t u a l  m i s s i o n .  

The a d d i t i o n a l  f u n c t i o n s  r e q u i r e d  f o r  t r a i n i n g  

Computing r e s o u r c e s  o t h e r  t h a n  t h o s e  no rma l ly  used  
d u r i n g  t h e  m i s s i o n  may be ava i l ab le  f o r  t r a i n i n g  p u r p o s e s .  A 
spare computer ,  which might  b e  aboa rd  t h e  s p a c e c r a f t  p r i m a r i l y  
as a backup t o  t h e  main module computer ,  c o u l d  p o s s i b l y  b e  u sed  
i n  t r a i n i n g  a p p l i c a t i o n s ,  e i t h e r  t o  s i m u l a t e  o t h e r  modular  com- 
p u t e r s  o r  t o  r e p l a c e  t h e  main module computer  i n  t r a i n i n g .  It 
may a l s o  b e  p o s s i b l e  t o  e x p l o i t  r edundan t  f e a t u r e s  o f  t h e  compu- 
t e r s ;  f o r  example,  i f  t h e  main module computer  has a dup lex  
memory f o r  r e l i a b i l i t y  p u r p o s e s ,  o p e r a t i n g  t h e  computer  i n  
s i m p l e x  mode may a l l o w  t h e  redundant  ha l f  o f  t h e  memory t o  be  
u s e d  f o r  s i m u l a t i o n .  One d i f f i c u l t y  w i t h  b o t h  these  approaches  
i s  t h a t  a f a i l u r e  t h a t  would c a u s e  t he  spare computer  or redun-  
d a n t  memory t o  b e  pressed i n t o  s e r v i c e  c o u l d  a l s o  e l i m i n a t e  or 
g r e a t l y  r e s t r i c t  t h e  c a p a b i l i t y  o f  t h e  computer  t o  s u p p o r t  i n -  
f l i g h t  t r a i n i n g .  
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The v a r i o u s  f a c t o r s  c i t e d  above show c l e a r l y  t h a t  t h e  
c o n f i g u r a t i o n  o f  t h e  s p a c e c r a f t  and i t s  s y s t e m s ,  p a r t i c u l a r l y  
t h e  computer s y s t e m ,  c a n  have a pronounced e f f e c t  on t h e  manner 
i n  which i n f l i g h t  t r a i n i n g  i s  implemented .  C o n v e r s e l y ,  t h e  
need. t o  p r o v i d e  i n f l i g h t  t r a i n i n g  imposes c o n s t r a i n t s  on t h e  
d e s i g n  ar.d o p e r a t i o n  o f  s p a c e c r a f t  modules and s y s t e m s ,  a l t h o u g h  
c o n f i g u r a t i o n  d e c i s i o n s  cannot  be  based  s o l e l y  on t r a i n i n g  re -  
q u i r e m e n t s .  

3 . 2 . 3  A d d i t i o n a l  Computer Requirements  

The s p a c e c r a f t  computer sys t em may be  l o a d e d  more 
h e a v i l y  d u r i n g  a t r a i n i n g  e x e r c i s e  thar ,  d u r i n g  t h e  co r re spond-  
i n g  phase  o f  t h e  a c t u a l  m i s s i o n .  With r e g a r d  t o  E a r t h  e n t r y ,  . 
f o r  exzmple,  t h e  computer s y s t e m  would pe r fo rm e z s e n t i a l l y  t h e  
same tasks on b o t h  t h e s e  o c c a s i o n s  as faI* as e n t r y  f u n c t i o n s  
a re  conce rced .  I n  a d d i t i o n ,  d u r i n g  t r a i n i n g ,  t h e  computer  
s y s t e m  must s i m u l a t e  t h e  env i ronmen t ,  dynamics ,  and t r a j e c t o r y  
o f  t h e  e n t r y  v e h i c l e .  C o n c u r r e n t l y ,  t h e  computer  s y s t e m  must 
a t t e n d  t o  g u i d a n c e ,  n a v i g a t i o n ,  f l i g h t  c o n t r o l ,  sys t ems  m o n i t o r -  
i n g ,  communication, and o t h e r  f u n c t i o n s  r e l a t i n g  t o  r e a l - w o r l d  
e v e n t s .  I n f l i g h t  t r a i n i n g ,  t h e r e f o r e ,  can  impose more s t r i n g e n t  
r e q u i r e m e n t s  on t h e  computer sys t em t h a n  t h e  c o r r e s p o n d i n g  p h a s e s  
o f  t h e  a c t u a l  m i s s i o n .  

The a d d i t i o n a l  computer c a p a b i l i t y  t h a t  i s  needed spe -  
c i f i c a l l y  t o  implement i n f l i g h t  t r a i n i n g  r e q u i r e m e n t s  can  b e  con- 
s i d e r e d  from t h r e e  a s p e c t s :  t h e  s i m u l a t i o n  o f  t h e  v e h i c l e s  and 
t h e i r  env i ronmen t s  and t r a j e c t o r i e s ,  t h e  c o n t r o l  o f  i n p u t - o u t p u t  
and program e x e c u t i o r , ,  and supplementary  f u n c t i o n .  These t o p i c s  
are c o n s i d e r e d  i n  more d e t z i l  i n  the  following paragraphs. 

3.2.3.1 V e h i c l e  S i m u l a t i o n  

The v e h i c l e s  t o  b e  s i m u l a t e d  on t h e  v a r i o u s  m i s s i o n s  
can  b e  grouped i n t o  f o u r  g e n e r a l  t y p e s :  

1. E a r t h  e n t r y  and l a n d i n g  v e h i c l e .  

2 .  Mars e n t r y  and  l a n d i n g  v e h i c l e .  

3 .  Moon o r  Mars a s c e n t  ar,d rendezvous  v e h i c l e .  

4 .  Unmanned p l a n e t a r y  p r o b e s .  

The t o t a l  computer r e s o u r c e s  needed t o  s i m u l a t e  any 
one o f  t hese  v e h i c l e s  depend on a number of  f a c t o r s  t h a t  canno t  
be d e t e r m i n e d  a t  t h i s  t i m e ,  such as v e h i c l e  d e s i g n  and computer  
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characteristics. It is possible, nevertheless, to make gross 
estimates of these requirements, at least to indicate which 
areas impose the most severe demands on the computer system. 

Earth entry vehicles have been extensively studied 
with a wide variety of programs. A Bellcomm simulation of an 
Apollo Command Module (CM) with three degrees of translational 
freedom and roll angle control uses about 50K words of storage 
on the UNIVAC 1108. However, this program is not intended for 
real time simulation. The crew training simulator at Manned 
Spacecraft Center uses three computers with a total memory of 
88K words to simulate the Apollo CM in six degrees of freedom 
in real time. 
which is a more complex aerodynamic body than the Apollo CM, 
have been simulated in real time with about 4000 words of memory. 
The first two simulations cited achieve a high degree of sophis- 
tication and produce results that are in close agreement with 
other simulations, while the third one includes a number of 
simplifying assumptions. For inflight training purposes, the 
complexity of the simulation could probably be reduced appre- 
ciably, so that a memory of roughly 4000 words should be ade- 
quate to simulate the atmospheric and gravitational environment 
of the vehicle, the response of its systems to environmental 
stimuli, and its dynamic performance and trajectory. 

been used satisfactorily in the real time simulations cited 
above. Spaceborne computers during the 1970's and 1980's are 
likely to be an order of magnitude faster than these computers. 
Therefore the spaceborne simulation computer should have no 
particular problem in provid.l_rlg czglutions at aii acceptable 
rate. 

On the other hand, glide vehicles like the X-15, 

Computers with cycle times up to 5 microseconds have 

If the Earth entry vehicle is a lifting body, it would 
have gliding capability and could be controlled to touchdown. 
In that case, a visual simulation of the landing area may be 
needed for training. If a satisfactory simulation could be 
obtained by positioning models or photographs, the computer 
would require only a small amount of additional processing to 
provide control signals. However, a display generated on a 
cathode ray tube could lead to great increases in memory re- 
quirements and processor utilization, particularly if frequent 
updating is demanded. 
of lines on a plane may be generated without significant effect 
on computer requirements if the display device has a vectoring 
capability. On the other hand, a complex display involving de- 
tailed terrain features, levels of intensity, and points hidden 

A relatively simple display consisting 
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by s u r f a c e s  c o u l d  make p r o h i b i t i v e  demands on computer  t i m e .  
These p o i n t s  s e r v e  t o  unde r sco re  t h e  need ,  c i t e d  b e f o r e ,  t o  
i n v e s t i g a t e  t h e  v i s u a l  s i m u l a t i o n  problem more c a r e f u l l y  and 
d e t e r m i n e  what l e v e l  of complexi ty  i s  a c t u a l l y  r e q u i r e d  f o r  
t r a i n i n g .  

The s i m u l a t i o n  of  a Mars l a n d i n g  module i n v o l v e s  a e r o -  
dynamic f o r c e s  f o r  b r a k i n g  and l a rge  t h r u s t  f o r c e s  for t ouch-  
down. From t h e  s t a n d p o i n t  of computer  r e q u i r e m e n t s ,  t h e  Mars 
e n t r y  phase c o u l d  be  comparable t o  a n  E a r t h  e n t r y .  The touch-  
down phase would p r o b a b l y  r e q u i r e  s i x  degrees o f  f reedom which,  
w i t h  t h e  t r a n s f o r m a t i o n  o f  t h r u s t  f o r c e s  i n t o  t h e  des i r ed  co- 
o r d i n a t e s ,  c o u l d  i n v o l v e  a large amount o f  computa t ion  and  
e f f e c t i v e l y  d o u b l e  t h e  memory needed  ( 8 0 0 0  w o r d s ) .  F u r t h e r m o r e ,  
a h i g h  s o l u t i o n  r a t e  ( u p  t o  2 5  p e r  s e c o n d )  may be needed t o  i n -  
s u r e  good c o n t r o l  c h a r a c t e r i s t i c s .  V i s u a l  s i m u l a t i o n  of  t h e  
l a n d i n g  area may r e q u i r e  more d e t a i l  and b e t t e r  d e p t h  s e n s a t i o n  
t h a n  f o r  a n  E a r t h  e n t r y  v e h i c l e  and ,  i f  i t  i s  needed ,  c o u l d  
p rove  t o  b e  a v e r y  s e r i o u s  problem. 

The s i m u l a t i o n  of  a l u n a r  or Mars a s c e n t  and r endez -  
vous v e h i c l e  i n v o l v e s  d i f f e r e n t  computer  r e q u i r e m e n t s  d u r i n g  
i t s  two phases o f  f l i g h t .  Even w i t h  a r e l a t i v e l y  complex t h r u s t  
s i m u l a t i o n ,  t h e  a s c e n t  phase  s h o u l d  r e q u i r e  1000-2000 words o f  
computer  memory. Dur ing  t h e  r endezvous  and dock ing  phase,  t h e  
o r b i t i n g  s p a c e c r a f t  must be i n c l u d e d  i n  t h e  s i m u l a t i o n ,  mathe- 
m a t i c a l l y  and  p e r h a p s  v i s u a l l y .  The m a t h e m a t i c a l  p o r t i o n  s h o u l d  
n o t  exceed  2 0 0 0  words o f  memory, b u t  t h e  v i s u a l  r e q u i r e m e n t  
r ema ins  t o  b e  d e t e r m i n e d ,  a l t h o u g h  i t  s h o u l d  be  f a r  l e s s  com- 
p l e x  and l e s s  s t r i n g e n t  t h a n  t h e  v i s u a l  s i m u l a t i o n s  a l r e a d y  
d i ~ ~ u s s e d  fsr c t h e r  v e h i c l e s .  

The s i m u l a t i o n  of t h e  unmanned p r o b e s  i n v o l v e s  two 
d i s t i n c t  areas. Befo re  launch  from t h e  s p a c e c r a f t ,  t h e  p r o b e  
subsys t ems  and t h e i r  r e sponse  t o  checkou t  s t i m u l i  and i n i t i a l i -  
z a t i o n  s i g n a l s  f rom t h e  s p a c e c r a f t  s y s t e m s  a re  o f  ma jo r  i n t e r e s t .  
After l a u n c h ,  t he  t r a j e c t o r y  of t h e  p r o b e s  and t h e i r  data o u t p u t  
become i m p o r t a n t .  The t r a j e c t o r y  o f  t h e  s p a c e c r a f t  must a l s o  be  
i n c l u d e d  i n  t h e  s i m u l a t i o n .  Moreover,  two or more p r o b e s  may be  
i n  f l i g h t  and t r a n s m i t t i n g  d a t a  s i m u l t a n e o u s l y .  Computer re-  
q u i r e m e n t s  t o  s i m u l a t e  probe o p e r a t i o n s  can v a r y  c o n s i d e r a b l y  
o v e r  t h i s  r a n g e  o f  p o s s i b i l i t i e s  and can  b e  assessed w i t h  f a r  
l e s s  c o n f i d e n c e  t h a n  t h o s e  p r e v i o u s l y  d i s c u s s e d .  A minimum of  
2 0 0 0  words may be  n e c e s s a r y  for p r o b e s  of  modera te  c o m p l e x i t y ,  
w i t h  s o l u t i o n  r a t e s  o f  f i v e  o r  t e n  p e r  second b e f o r e  l a u n c h  and 
one or two p e r  second a f t e r  l a u n c h .  S i n c e  t h e  v a r i o u s  p r o b e s  
l aunched  d u r i n g  a n  e n c o u n t e r  c o u l d  share s u c h  f e a t u r e s  as 
s p a c e c r a f t  and p l a n e t a r y  p o s i t i o n s ,  a l a r g e r  program, s a y  4000  
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words l o n g ,  c o u l d  p r o b a b l y  s i m u l a t e  severa l  p r o b e s  a t  t h e  same 
t i m e .  The s i m u l a t i o n  o f  high-speed d a t a  r e t u r n  from t h e  p r o b e s  
may i n c r e a s e  these r e q u i r e m e n t s  s u b s t a n t i a l l y ,  and may e v e n  
make i t  n e c e s s a r y  o r  d e s i r a b l e  t o  u s e  s p e c i a l  equipment  f o r  
t h i s  p u r p o s e .  

3 . 2 . 3 . 2  C o n t r o l  o f  Input-Output  and Program E x e c u t i o n  

The c o n t r o l  of  i n p u t - o u t p u t  o p e r a t i o n s  and program 
e x e c u t i o n  depends  s t r o n g l y  on t h e  c o n f i g u r a t i o n  of  t h e  space -  
c r a f t  computer  s y s t e m  and on t h e  manner i n  which i n f l i g h t  t r a i n -  
i n g  f u n c t i o n s  are implemented. If the  same computer  and program 
are  used  f o r  t r a i n i n g  as w i l l  b e  u s e d  d u r i n g  t h e  c o r r e s p o n d i n g  
m i s s i o n  p h a s e ,  means must be p r o v i d e d  t o  s w i t c h  t h e  i n p u t s  and  
o u t p u t s  o f  t h e  program between t h e  r ea l  and s i m u l a t e d  w o r l d s  as 
needed .  However, u n l e s s  t r a i n i n g  i n v o l v e s  p e c u l i a r  d e v i c e s  w i t h  
s p e c i a l  i n p u t - o u t p u t  problems,  t h e  a d d i t i o n  o f  t h i s  s w i t c h i n g  
c a p a b i l i t y  s h o u l d  have o n l y  t r i v i a l  e f f e c t s  on t h e  computer  re- 
q u i r e m e n t s .  I f  t r a i n i n g  i s  implemented on a computer  o t h e r  t h a n  
t h e  one t o  b e  used  i n  t h e  a c t u a l  m i s s i o n  p h a s e ,  o r  i f  s e p a r a t e  
programs are  u s e d ,  t h e  need t o  s w i t c h  between t h e  r e a l  and simu- 
l a t e d  wor lds  would n o t  e x i s t .  

The o r g a n i z a t i o n  and d e s i g n  o f  t h e  s o f t w a r e  c a n  be  
g r e a t l y  i n f l u e n c e d  b y  i n f l i g h t  t r a i n i n g  r e q u i r e m e n t s .  Many 
m a t h e m a t i c a l  and l o g i c a l  f u n c t i o n s  are e s s e n t i a l l y  t h e  same 
d u r i n g  a t r a i n i n g  o p e r a t i o n  as d u r i n g  t h e  a c t u a l  m i s s i o n  p h a s e .  
C o n s i d e r a b l e  d i f f e r e n c e s  e x i s t ,  however,  i n  i n p u t - o u t p u t  ope ra -  
t i o n s  and i n  o v e r a l l  program c o n t r o l .  The program used  d u r i n g  
an a c t u a l  m i s s i o n  phase r e c e i v e s  i n p u t s  f rom s e n s o r s  i n  t h e  
s p a c e c r a f t  and from t h e  E a r t h  communication s y s t e m .  S i ~ ~ i l a r ~ ~ ~  A Y  Y 

commands g e n e r a t e d  b y  t h e  m i s s i o n  program f o r  a u t o m a t i c  c o n t r o l  
o f  t h e  s p a c e c r a f t  a re  s e n t  t o  t h e  p r o p e r  a c t u a t o r s .  The program 
u s e d  f o r  t r a i n i n g ,  however,  r e c e i v e s  i t s  i n p u t s  f rom a s imula -  
t i o n  o f  t h e  s p a c e c r a f t  and sends  i t s  o u t p u t  commands t o  t h e  
s i m u l a t i o n .  Dur ing  t y p i c a l  p h a s e s ,  f u r t h e r m o r e ,  t h e  m i s s i o n  
program s t e p s  t h r o u g h  i t s  v a r i o u s  segments  i n  a c o n t i n u o u s  
f a s h i o n  and t r e a t s  t i m e  m o n o t o n i c a l l y .  The t r a i n i n g . p r o g r a m ,  
however,  n e e d s  g r e a t e r  f l e x i b i l i t y  o f  e x e c u t i o n  t o  p e r m i t  s t a r t -  
i n g  t h e  s i m u l a t e d  r u n  wherever  d e s i r e d ,  b y p a s s i n g  p o r t i o n s  o f  
t h e  f l i g h t  n o t  of i n t e r e s t  a t  t h a t  moment, and i n t e r r u p t i n g  t h e  
r u n  t o  s t u d y  o r  emphasize a p o i n t .  A fas t - t ime c a p a b i l i t y  may 
a l s o  be  d e s i r a b l e  t o  e n a b l e  t h e  a s t r o n a u t  t o  comple te  low- 
a c t i v i t y  p h a s e s  more q u i c k l y  and t o  improve h i s  r e s p o n s e  t o  
v a r i o u s  s i t u a t i o n s .  
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The c o n t r o l  o f  program e x e c u t i o n  may i n t r o d u c e  some 
problems when t r a i n i n g  e x e r c i s e s  are c a r r i e d  o u t  as a n  addi-  
t i o n a l  task on an  a l r e a d y  a c t i v e  computer .  I n  a time-shared 
s y s t e m ,  t h e  t r a i n i n g  program, while i m p o r t a n t ,  would n o r m a l l y  
b e  of  s econdary  p r i o r i t y  i n  compar ison  w i t h  t h e  r e a l - w o r l d  a c t i v -  
i t i e s  of t h e  computer .  Consequen t ly ,  t h e  t r a i n i n g  program may 
be  i n t e r r u p t e d  more f r e q u e n t l y  and f o r  l o n g e r  p e r i o d s  t h a n  
would be t h e  c a s e  d u r i n g  t h e  c o r r e s p o n d i n g  a c t u a l  m i s s i o n  p h a s e .  
It i s  l i k e l y  t h a t  a t ime-shared  computer ,  as t h e  main module 
computer  w i l l  p r o b a b l y  b e ,  would a l r eady  have  a f a i r l y  complex 
e x e c u t i v e  program, s o  t h a t  no s i g n i f i c a n t  a d d i t i o n s  t o  i t  would 
be  needed t o  h a n d l e  i n f l i g h t  t r a i n i n g .  

3 . 2 . 3 . 3  Supplementary  F u n c t i o n s  

The most i m p o r t a n t  supp lemen ta ry  f u n c t i o n  i s  t h e  i n -  
t r o d u c t i o n  o f  e r r o r s ,  m a l f u n c t i o n s ,  and f a i l u r e s  i n t o  t h e  
t r a i n i n g  p r o c e d u r e s .  When t h e  same computer  and program are 
u s e d  f o r  i n f l i g h t  t r a i n i n g  and t h e  a c t u a l  m i s s i o n  p h a s e ,  t h e  
e x t e n t  t o  which e r r o r s  would be i n c l u d e d  would p r o b a b l y  b e  
l i m i t e d ,  t o  minimize t h e  l i k e l i h o o d  o f  i n t e r f e r i n g  w i t h  normal  
o p e r a t i o n s  o f  t h e  program. More e l a b o r a t e  t e c h n i q u e s ,  however,  
c o u l d  b e  i n t r o d u c e d  when a second o r  d i f f e r e n t  computer  i s  i n -  
v o l v e d .  The p a r t i a l  o r  comple te  f a i l u r e  o f  t h e  computer  i t s e l f  
may be  one of  t h e  f a u l t s  s i m u l a t e d .  

Another  supplementary  f u n c t i o n  would be  t h e  g a t h e r i n g  
o f  data on t h e  a s t r o n a u t s '  per formance  f o r  immediate o r  subse -  
q u e n t  a n a l y s i s .  The data f o r  each  a s t r o n a u t  would b e  used  t o  
d e t e r m i n e  h i s  p r o f i c i e n c y  a t  a p o i n t  i n  t i m e ,  i d e n t i f y  a r e a s  i n  
which h i s  per formance  w a s  b e l o w  standard an? i n  n e e d  ef' i ~ p r c 1 ~ 7 e -  
ment ,  and d e t e r m i n e  whether  he i s  m a i n t a i n i n g ,  l o s i n g ,  or ad- 
v a n c i n g  h i s  s k i l l s  i n  t h e  c o u r s e  o f  t h e  m i s s i o n .  If i t  became 
n e c e s s a r y  o r  des i r ab le  t o  r e a s s i g n  t h e  crew members  t o  c e r t a i n  
t asks ,  t h i s  i n f o r m a t i o n  cou ld  a l s o  be  used  t o  s e l e c t  t h e  most 
c a p a b l e  member t o  pe r fo rm a p a r t i c u l a r  t a s k .  

Un les s  ra ther  e l a b o r a t e  f a i l u r e  s i m u l a t i o n s  or s t a t i s -  
t i c a l  p r o c e s s e s  are i n c l u d e d ,  t hese  supp lemen ta ry  f u n c t i o n s  
s h o u l d  no t  add more t h a n  a few hundred words to t h e  program i n  
which t h e y  a re  i n c o r p o r a t e d .  F u r t h e r m o r e ,  t h e  e x e c u t i o n  t i m e  
o f  t h e  programs s h o u l d  no t  b e  s i g n i f i c a n t l y  a f f e c t e d  by t h e  
i n c l u s i o n  of  t hese  f e a t u r e s .  

3 . 2 . 3 . 4  Summary 

The s i m u l a t i o n  o f  v e h i c l e s  and t h e i r  env i ronmen t s  i m -  
p o s e s  t h e  h e a v i e s t  t r a i n i n g  l o a d  on t h e  s p a c e c r a f t  computer  
s y s t e m .  The Mars l a n d i n g  v e h i c l e  has t h e  l a r g e s t  memory r e q u i r e -  
ment ,  abou t  8K words.  Other v e h i c l e s  would t y p i c a l l y  r e q u i r e  4 K  
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words ,  t o  s i m u l a t e  a n  E a r t h  e n t r y  v e h i c l e ,  a Mars o r  l u n a r  
a s c e n t  and rendezvous  v e h i c l e ,  o r  a se r ies  o f  unmanned p l a n e -  
t a r y  p r o b e s .  

The l a r g e s t  memory r e q u i r e m e n t s  f o r  e a c h  m i s s i o n  
would o c c u r  i f  a l l  t h e  v e h i c l e  s i m u l a t i o n s  f o r  t h a t  m i s s i o n  
were s t o r e d  i n  t h e  computer  memory a t  t h e  same t i m e ,  r e g a r d l e s s  
o f  when t h e y  would a c t u a l l y  be  used  d u r i n g  t h e  m i s s i o n .  T h i s  
c o u l d  b e  t h e  c a s e ,  f o r  example,  w i t h  a fixed-memory computer .  
Then t h e  v e h i c l e  s i m u l a t i o n s  would r e q u i r e :  

4K words on ex tended  E a r t h  o r b i t  m i s s i o n s ,  
8 K  words on ex tended  l u n a r  l a n d i n g  m i s s i o n s ,  
8 K  words on  p l a n e t a r y  f l y b y  m i s s i o n s ,  
20K words on p l a n e t a r y  l a n d i n g  m i s s i o n s .  

Memory r e q u i r e m e n t s  o f  t h i s  magni tude  are n o t  l i k e l y  t o  be a 
problem f o r  t h e  computers  expec ted  t o  be  a v a i l a b l e  d u r i n g  t h e  
t i m e  o f  these m i s s i o n s .  

The s i m u l a t i o n  of  v e h i c l e  envi ronment  however,  p a r t i c -  
u l a r l y  out-the-window views  and  data r e l a t i n g  t o  unmanned 
probes ,  may g r e a t l y  i n c r e a s e  t h e  computer  r e s o u r c e s  needed. 
These areas i n v o l v e  a number of q u e s t i o n s  t h a t  c a n n o t  b e  answered 
a t  t h i s  t i m e  and may l i k e l y  r e q u i r e  s p e c i a l  equipment  t o  
p r o v i d e  t h e  des i red  c a p a b i l i t y .  

I n  a d d i t i o n ,  a number o f  p o i n t s  have been  d i s c u s s e d  
i n  areas of  i n p u t - o u t p u t ,  program e x e c u t i o n ,  and supp lemen ta ry  
t r a i n i n g  f u n c t i o n s .  These p o i n t s ,  w h i l e  n o t  s i g n i f i c a n t l y  
a f f e c t i n g  program s i z e  o r  e x e c u t i o n  t i m e ,  must b e  c o n s i d e r e d  i n  
s o f t w a r e  d e s i g n  and management. 

3 . 2 . 4  Other  Uses f o r  T r a i n i n g  F a c i l i t i e s  

J u s t  as equipment  and f a c i l i t i e s  i n s t a l l e d  p r i m a r i l y  
f o r  o t h e r  p u r p o s e s  c o u l d  be used  for i n f l i g h t  t r a i n i n g ,  s o  c o u l d  
t r a i n i n g  f a c i l i t i e s  b e  used  f o r  p u r p o s e s  o t h e r  t h a n  r e t a i n i n g  o r  
u p g r a d i n g  p r e v i o u s l y  a c q u i r e d  s k i l l s .  One such  a p p l i c a t i o n  would 
b e  t h e  m o d i f i c a t i o n  of  e x i s t i n g  s k i l l s  o r  t h e  a c q u i s i t i o n  of  new 
skills t o  h a n d l e  c o n t i n g e n c i e s  t h a t  might  a r i s e  i n  t h e  c o u r s e  of  
t h e  m i s s i o n .  The i l l n e s s  o r  dea th  of  an  a s t r o n a u t  o r  a s e r i o u s  
d e g r a d a t i o n  i n  h i s  s k i l l s  might r e q u i r e  a r e a s s i g n m e n t  of t asks  
among t h e  r e m a i n i n g  members  o f  t h e  crew.  S t r u c t u r a l  damage o r  
i r r e p a r a b l e  sys t em f a i l u r e s  may n e c e s s i t a t e  ma jo r  changes  i n  t h e  
conduc t  of t h e  m i s s i o n ;  e . g . ,  a damaged heat s h i e l d  may impose 
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r a d i c a l  c o n s t r a i n t s  on t h e  a t t i t u d e  t o  be  h e l d  d u r i n g  E a r t h  
e n t r y ,  i n  o r d e r  t o  minimize a b l a t i o n  i n  t h e  damaged area.  It  
i s  a l s o  p o s s i b l e  t h a t  e r r o r s  i n  m a t h e m a t i c a l  f o r m u l a t i o n  o r  
s o f t w a r e  i m p l e m e n t a t i o n  w i l l  be  d i s c o v e r e d  wh i l e  t h e  m i s s i o n  
i s  i n  p r o g r e s s  and w i l l  r e s u l t  i n  changes  i n  c e r t a i n  p r o c e d u r e s  
o r  t e c h n i q u e s .  I n  a l l  t h e  i n s t a n c e s  c i t e d  here ,  someth ing  
happens  d u r i n g  t h e  m i s s i o n  t o  f o r c e  t h e  crew t o  c a r r y  o u t  
v a r i o u s  tasks  d i f f e r e n t l y  from t h e  manner f o r  which t h e y  t r a i n e d  
b e f o r e  t h e  m i s s i o n .  T r a i n i n g  f a c i l i t i e s  aboa rd  t h e  s p a c e c r a f t  
c o u l d  g r e a t l y  a s s i s t  t h e  a s t r o n a u t s  i n  r e v i s i n g  t h e i r  s k i l l s  o r  
i n  a c q u i r i n g  whatever  new s k i l l s  are  n e c e s s a r y  t o  meet t h e  
s i t u a t i o n .  

Another  a p p l i c a t i o n  f o r  t h e  i n f l i g h t  t r a i n i n g  f a c i l i -  
t i e s  i s  t h e  f i e l d  o f  b e h a v i o r a l  r e s e a r c h .  The a v a i l a b i l i t y  o f  
a s i m u l a t o r  p r o v i d e s  an o p p o r t u n i t y  t o  d i s p l a y  s h i f t i n g  s i t u a -  
t i o n s  t o  t h e  a s t r o n a u t ,  t o  measure h i s  r e s p o n s e  t o  them, and t o  
s c o r e  h i s  per formance .  A t y p i c a l  e x p e r i m e n t a l  area,  as c i t e d  

b y  Hoffman and K o n t a r a t o s ,  (13) might  b e  t h e  u s e  of onboard  com- 
p u t e r s  t o  e v a l u a t e  psychomotor f u n c t i o n s  ( g r o s s  and f i n e  move- 
men t s ,  con t i f iuous  and d i s c r e t e  p r o c e s s e s )  and c o g n i t i v e  p r o c e s s e s  
( a t t e n t i o n ,  v i g i l a n c e ,  problem s o l v i n g ,  l e a r n i n g  and r e t e n t i o n ) .  
S t u d i e s  of t h i s  n a t u r e  cou ld  b e  conduc ted  w i t h  l i t t l e  o r  no 
a d d i t i o n a l  hardware .  

4 . 0  CONCLUSIONS AND RECOMMENDATIONS 

T h i s  r e p o r t  has p r e s e n t e d  a n  a n a l y s i s  o f  t y p i c a l  
manned m i s s i o n s  t o  de t e rmine  t h e  crew t a s k s  f o r  which i n f l i g h t  
t r a i n i n g  may be r e q u i r e d .  The t a sks  most l i k e l y  t o  r e q u i r e  
inflight t r a i n i n g  a r e  t h ~ s e  x e d c d  (1) & -  L U  C U I I ~ I Y I ~  r;ne f l i g h t  o f  
manned v e h i c l e s  d u r i n g  Mars l a n d i n g ,  l u n a r  o r  Mars a s c e n t  and 
r e n d e z v o u s ,  and E a r t h  e n t r y ,  and ( 2 )  t o  check o u t ,  l a u n c h  and 
d i r e c t  unmanned p r o b e s  and conduct  p l a n e t a r y  e x p e r i m e n t s .  

The f a c i l i t i e s  needed t o  p r o v i d e  a n  i n f l i g h t  t r a i n i n g  
c a p a b i l i t y  would i n v o l v e  a c o n t r o l  s t a t i o n  w i t h  compute r -d r iven  
d i s p l a y s .  If i t  i s  a v a i l a b l e ,  t h e  a c t u a l  m i s s i o n  s t a t i o n  may 
b e  used  for t r a i n i n g .  A l t e r n a t i v e l y ,  a backup s t a t i o n  o r  a 
s t a t i o n  e x p r e s s l y  i n t e n d e d  for t r a i n i n g  may be  u s e d .  The  simu- 
l a t i o n  of v a r i o u s  v e h i c l e s  i n  t r a i n i n g  e x e r c i s e s  i s  w e l l  w i t h i n  
t h e  c a p a b i l i t i e s  of  f u t u r e  spaceborne  computers ,  b u t  t h e  s imula -  
t i o n  o f  out-the-window views and data  r e l a t i n g  t o  unmanned 
p r o b e s  may pose  s p e c i a l  p roblems.  

S i n c e  a r equ i r emen t  t o  p r o v i d e  i n f l i g h t  t r a i n i n g  c o u l d  
s e r i o u s l y  a f f e c t  s p a c e c r a f t  d e s i g n ,  s t u d i e s  and e x p e r i m e n t s  
s h o u l d  b e  u n d e r t a k e n  t o  d e t e r m i n e  whether s k i l l  d e g r a d a t i o n  i s  
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i n d e e d  c r u c i a l  on l o n g - d u r a t i o n  m i s s i o n s .  The v a r i o u s  s k i l l s  
i n v o l v e d  i n  t h e  per formance  o f  c r i t i c a l  t a s k s  need t o  b e  s p e c i -  
f i e d  i n  more d e t a i l .  Performance measures  and d e g r a d a t i o n  
t o l e r a n c e s  f o r  these  s k i l l s  s h o u l d  a l s o  b e  d e f i n e d ,  e i t h e r  b y  
s e l e c t i n g  from t h o s e  already i n  e x i s t e n c e  or by d e v i s i n g  new 
o n e s .  

S e v e r a l  t e s t s  can  and s h o u l d  b e  s t a r t e d  now t o  assess 
t h e  long- te rm decay  of p r e v i o u s l y  a c q u i r e d  s k i l l s .  The Gemini 
m i s s i o n  s i m u l a t o r  i s  c u r r e n t l y  b e i n g  r e c o n f i g u r e d  b y  Conduct ron  
f o r  t h e  MOL program. However, i f  t h i s  equipment  i s  s t i l l  a v a i l -  
a b l e ,  Gemini a s t r o n a u t s  could  f l y  s imula tec!  m i s s i o n s  and compare 
t h e i r  pe r fo rmance  w i t h  t h a t  o f  1965 and 1 9 6 6 .  These t e s t s  c o u l d  
b e  e s p e c i a l l y  mean ingfu l  i f  t h e  a s t r o f i a u t s  i n v c l v e d  i n  them were 
n o t  a c t i v e l y  engaged  i n  Apollo t r a i n i n g .  If t h e  a s t r o n a u t s  them- 
s e l v e s  are n c t  a v a i l a b l e ,  development and t e s t  e n g i n e e r s  or 
o t h e r s  w i t h  e x t e n s i v e  e x p e r i e n c e  i n  t h e  s i m u l a t o r s  might  b e  sub-  
s t i t u t e d .  However, enough d i f f e r e n c e s  e x i s t  between t h e  a s t r o -  
n a u t s  2nd these e n g i n e e r s  i n  matters o f  t r a i n i n g ,  m o t i v a t i o n ,  and 
e x p e r i e n c e ,  s o  t h a t  g r e a t  c a r e  s h o u l d  be o b s e r v e d  i n  d rawing  con- 
c l u s i o n s  from such  t e s t s .  

Data s h o u l d  b e  accumula ted  on t h e  a s t r o n a u t s  now unde r -  
g o i n g  t r a i n i n g  f o r  Apollo m i s s i o n s .  Some data,  r e l a t i n g  p r i n c i -  
p a l l y  t o  t he  e x p e n d i t u r e  o f  p r o p e l l a n t  i n  c o n d u c t i n g  v a r i o u s  
maneuvers ,  i s  a l ready  b e i n g  c o l l e c t e d ,  b u t  mcre d e t a i l e d  data  
s h o u l d  a l s o  b e  r e t a i n e d .  Such data cou ld  b e  used  l a t e r  t o  com- 
p a r e  t h e  a s t r o n a u t s '  per formance  d u r i n g  t h e  m i s s i o n  w i t h  t h a t  
d u r i n g  p r e f l i g h t  t r a i n i n g .  T h i s  comparison c o u l d  lead  t o  quan-. 
t i t a t i v e  a s s e s s m e n t s  o f  t h e  e f f e c t i v e n e s s  o f  s i m u l a t i o n  t r a i n i E s  
i n  p r y p a r i n g  t h e  crew for t h e i r  m i s s i o n  tasks. Tn z l : ~ d . i t i ~ r A ,  
A p o l i o  a s t r o n a u t s  cou ld  b e  d i v i d e d  i n t o  two g r o u p s ,  one of which 
would p r a c t i c e  c r i t i c a l  t a s k s  p e r i o d i c a l l y  a f t e r  a m i s s i o n ,  
w h i l e  t h e  o t h e r  would n o t .  The pe r fo rmance  o f  t h e s e  two g r o u p s  
c o u l d  t h e n  b e  compared a t  v a r i o u s  t imes f o l l o w i n g  t h e i r  m i s s i o n s .  
If t h e  a s t r o n a u t s  are  n o t  a v a i l a b l e ,  p i l o t s  c o u l d  p r o b a b l y  b e  
s u b s t i t u t e d  t o  c o l l e c t  t h e  n e c e s s a r y  data .  N e v e r t h e l e s s ,  be -  
c a u s e  t h e  r e s u l t s  of t es t s  of t h i s  n a t u r e  can  be o f  l o n g - r e a c h i n g  
i m p o r t a n c e  i n  a t t a i n i n g  t h e  n a t i o n ' s  manned s p a c e f l i g h t  g o a l s ,  
t h e  a s t r o n a u t s '  t i m e  s h o u l d  b e  budgeted  t o  a l l o w  t h e i r  p a r t i c i p a -  
t i o n  as much as p o s s i b l e .  

Tes ts  s imilar  t o  t h o s e  conductec! b y  Grodsky and h i s  

a s s o c i a t e s  a t  Dlartin ( 3 )  should  b e  c a r r i e d  o u t  o v e r  l o n g e r  p e r i o d s  
o f  t i m e .  Data s h o u l d  b e  c o l l e c t e d  and a n a l y z e d  t o  d e t e r m i n e  
w h e t h e r  t h e  p e r i o d  o f  th ree  t o  s i x  months or some o t h e r  i n t e r v a l  
i s  c r u c i a l  f o r  s k i l l  r e t e n t i o n .  I f  i t  car, b e  shown t h a t  t h e  
p e r i o d  of t h r e e  t o  s i x  months i s  n c t  c r u c i a l ,  many a c t i v i t i e s  
t h a t  have been  d e s i g n a t e d  as p o s s i b l y  r e q u i r i n g  i n f l i g h t  t r a i n -  
i n g  (MAYBE i n  T a b l e  1) could  b e  e l i m i n a t e d  from f u r t h e r  c o n s i d -  
e r a t  i o n .  
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The effectiveness of inflight training in maintaining 
critical skills should also be demonstrated by tests. The ques- 
tions that need answers are: (1) How much do simulators help in 
retaining those skills identified as likely to degrade in time? 
(2) What level of detail in inflight training is needed for 
various tasks? ( 3 )  How often should training exercises be per- 
formed? Answers to these questions could be even more meaning- 
ful in tradeoff studies if they included the complexity of the 
onboard simulation and the training procedures as parameters. 

As mentioned by Hoffman and Kontaratos, (I3) the Integrated Medi- 
cal Behavioral Laboratory Measurement System (IMBLMS) is under- 
going final definition and could be used during AAP and later 
Earth-orbit missions to conduct a number of tests to qualify 
man for longer-duration missions. Furthermore, Johnston and 
Ringland , ( I4)  although concerned more with the physiological 
aspects of performance degradation after prolonged periods of 
weightlessness, propose both ground-based and inflight experi- 
ments to study this degradation in more detail and assume (p. 
95) that onboard simulators will be available. 

The urgency of starting these studies now should not be 
minimized. The proposed tests intend to measure long-term 
effects, and necessarily require a long time to accumulate suf- 
ficient data. The results of these tests, moreover, could have 
significant bearing on the design of spacecraft and associated 
systems. It was pointed out, for example, that a common layout 
of controls and displays among various crew stations would gen- 
erally be desirable. Another area of great concern in the de- 
sign of a spacecraft is the apportionment of functions between 
the crew and the automated systems. Cost and rPliabilit7 ccr? 

affected by skill degradation and inflight training considera- 
tions. These far-reaching consequences underscore the impor- 
tance of resolving the problem areas cited in this report. 

?ra., L L L y  factors in tradeorf studies, and both can be seriously 
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